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CHAPTEE 1\
MEASUKING Tilt FENFAR CCORDINATY POINTS o VPRINT

Factors Governin Belative Orientation
—actors Lo g —1ve Urrentation

In stf‘reophntogrametr*', allowance has to be made for the effect of the ele-
ments of relative arientation on the horizontal parallax difference. To do so, these
elements must be understood, As stated previouslv (see Sect.74), the elements of
relative orientation of a print are 1dentified as the three linear coordinates '\S'
Y. and 7Z¢ from the center of kFrojection, projectioans of the angles of tilt 2 and .
of the optical axis of the camera, relative to the plane coordinates, and of the an-
gie , denoting the rotation of the print about the optical axis of the camera. A
total of 12 elements of exterior Orientation must be known for euach two prints ) e,

the values

Obvanu.!v, instead of the above-mentioned values for the second print., 1t ;s
possible to uce therr drfference relative to tne first praint, (¢ specificallv, the

values

so that, Lnowing *he elements of exterior orientation for the first rtotograph and
the differences descrived ahove, ,t 5« SIMPir (0 deternine the urknown lements for

the secnng rhotograp b
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The vartances an the values of exterior orrentation o0 the second ani farst

prints determine the position of the prants an speaec. with respect to each other . and

are known asx eiements of relative orientataion The si17¢ of the photographac base

does not anfluence the value of the elements of relataive orientataion, and deternines

oniy the distance 'etaeen the (erters of projection but net their re lative locastion,

Thne five values are arglicatie 1o the elesents of celative crientation
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sect the planes of both photographs along + rectilinear xx axts. The direction of

this vert:ical plane will zive the A\ axis on the area coordinate <ystem. The 1mage
of any point A on the area surface wil]
appear at point a) on the Jeft rhotogragh
and at point ay on the right one. Then
drop a perpendicular from points A, ap,
and a, to the corresponding abscissa ax-
1s. The foot pornts of these perpend) -
culars wil] be points A', ai, and aé, It
I1s obvious that the triangles sjaja)
and 5)A'A as well as bzaba2 and S,A'A
are samilar in view of the fact that the

te Values of Corre- lines alai, azné and AA' are parallel

di Point i - i
shonding Points at Hor, From the similarity of the triangles it

zontal Photographic Rase
follows that:

1.e., the ordinates ot points a; ana a; are equal

Now, bv changing the distance 5159 between the centers of projection, or by
shifting both photographs Joantly 1n the direction of the A\, YY, and 77 coordinace
axi1s, then the equality of the ord.nate points a, ang ay will nnt change . However .
the values of the ordinates themselves may change. This corresponding position wi] ]
remain constant even when both photoeraphs are rotated threough “yual aneles about
the base line.

Vooompiet gy ditterent recult s obtained 1 f the Fositann of onlv one photo-
grarh 1s changed, t.e.. 1f the relatyve Position of the photographs s disturted.
let us assume that (Fig.151), t}e direction of the coordirate axis of the rhotographs

and the area nlane have remained the <same, but tnaat the right cenrer of projection

CIA-RDP8
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i L . .
has been shifted upward into the positicn S5. Then, from the similarity of the tri-

augles Slaial and 3;A'A as we!l as béaéaz and 5;A'A we can determine the following:

A'A A'A
[ T A L

e H' is not equal to H, then y' is not equal to and, therefore,
F q y y

H '
Al A Afk
—_vé fl * HH' H'-H) =

Y y
;’H_'(H'—H':’IT'_BZ

! Similarly, the ordinate points a, of y' will] change, if the right center of
pProjection is shifted along the YY axis of the area, or if the right print is tilted
through the angles “xz' Wy and rotated
through an angle Xy. Therefore, the
change in position of one photograph
relative to the other, i.e., the change
in their relative orientation, will djis-

turb the equality of the ordinates of

X

the corresponding points for the two

photographs. This discrepancy between

T T
SN

N\

the ordinates for the corresponding

N

points of the two prints is known as

Ordinate Values of Corre. transverse parallax. The phenomenon of

sponding Points at a transverse parallax in plan surveying
Tilted Base
occurs whenever proper relative orienta-
tion is not maintained.

{me to the fact that the extent of transverse parallax depends on the elements

of relative orientation, it is pussible to determine the value of these elements by

264
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measuring the transverse parallax for a row of points. It was pPreviously mentioned
that the horizontal parallax of points had to be measured to determine their differ-
ence in height, Consequently, it js necessary to measure both transverse and hori-
zontal pParallax, as wel! as the linear coordinates of points for photogrammetric in-

terpretation of aerial photographs.

82. Ste reocomparator

The measurement of linear coordinates of points on a photograph could be accom-
p'ished by means of any instrument with a rectangular coordirate system of motion

(e.g., a coordinatograph) or even with the aid of a beam compass. However, in view

Fig.152 . Stereccomparator

measured with the aid of Precision instruments,
using both photographs simultaneously,
The stereocomparator is the basic instrument used for measuring the linear co-
ordinates of points from two photographs. It permits the measurement of the coor-

dinates of one photograph and the di fference ir the valye of the coordinates between

265
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two photographs. To increass the accuracy of measurements, these are performed on
the stereocomparator using the stereoscopic principle of viewing,

The stereocomparator (Fig_152) consists of a solid base 1, to which the tracks
2 are rigidly attached, These tracks determine the direction of the xx coordinate
axis of the instrument. The main carrier 4 is displaced along the tracks by revolv-
ing the main shaft 3. The left-hand part of the carrier is provided with a disk §
composed of a glass plate in a metal frame. On backing off the screw 6, the disk §
can rotate about 1ts own axis. Minor disk -otations —an be made with the aid of a
micrometer screw 7. The negative is placed on the glass portion of the disk S and
is illuminated by a light from below. The right section of the carrier 4 is equip-
ped with croas tracks 8, above which another disk 9 ia placed,
which can be rotated by hand or by a micrometer screw., The second negative is
placed on top the disk 9, which is also illuminated by a light from below,

When the main shaft 3 is rotated, the carrier 4, along with both negatives,
@oves along the xx axis of the instrument. When the screws 10 and 11, of the cross
tracks are rotated, the right negative is shifted either along the xx axis of the
instrument (screw 10), or perpendicularly to this axis. These movements accomplish:
the displacement of the main carrier along the xx axis, as measured on the scale 12;
displacement of one right negative along the xx axis, as measured on the drum- type
scale 13; and the displacement of one of the right negatives along the vy axis, as
measured on the drum scale 14. The scale 12 is attached to the base and is gradu-
ated in minimum units of 0.5 mn.  Its vernier scale is mounted to the carrier and
has 26 graduztions., This permits measuring the movement of the carrier to w:ihin
0.02 mm. The drum scales 13 and 14 are divided into 100 graduations each. (wne com-
plete revolution of the drum moves the right negative by 1 mm. These displacements
(in whole millimeters) are indicated on a scale, which is connected to the cross
tracks. In this manner. the units of displacement are measured on the scale :n

whole mi'limeters, while the drum scaies indicate the movement in tenths and hun-
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n

dredths of a millimeter,

Tracks 1.5 are also rigidly attached co the base 1 and serve as the Yy axis of
the instrument. The binocular microscope 17 is moved along these tracks by means of
a hand wheel 14 The eyepieces are located above the negatives. The binocular mi-
croscope is composed of two congruent optical systems (Fig.153), which contain an
ocular ], a floating mark 2, prisms 3 and 4, an objective 5, and a prism 6. The

left negative is located beyond the prism € (or the right n:gative, for the right

A
-/
2

J
< 30°
8

CROSS SECTION ALONG A B

Fig,153 . Binocular Microscope

section of the binocular), the image of which is formed by the lens 5 in the plane

of the floating mark. The floating mark thus appears to coincide with the print, A
section o. the negative and the floating mark are exazined by the observer through

the eyepiece 1. Upon sighting the images of the two prints through the binocular,

along with the superimposed floating marks, a Stereoscopic version of the model of

the phr tographed area is seen. Only one sighting mark is seen and it appears tc be
floating.

The movement of the suspended floating mark, in one horizontal plane. and jn
relation to the surface of the stereo image, is accomplisted by. moving the binocu-
lar svstem along its own tracks 1n the direction of the vy axis of the instrument .
moving the carrier along the xx axis, while the prints and the floating marks remain
stationary. With the stereocomparator it js possible to shift one right print along
the xx axis to achieve depth distortion displacement of the floating mark. In this

way, the stereocomparator permits superposition of the floating mark on any point

-5
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common to both prints and thus me-surement of their linear coordinates. The dis-
tance between the oculars of the binocular microscope is adjustable to compensate for

various interpupillary distances of individual observers.

83. Working with the Stereocomparator

The negative pair is placed in the stereocomparator with the emulsion side fac-
ing down, 1In this way, che covered sides of the negatives are both facing the in-
side of the instrument. Glass plates are placed on top of the negatives and are
clamped down with four spring clips. Thi: anchors the negatives .. their respective
frames,

In positioning, the principal points of the negative are aligned with the cen-
ters of rotation of the disls 5 and 9. These centers are marked by crosses on the
glass disks. Then, the principal points of the negatives are aligned until the xx
axis of the negatives is parallel to the xx axis of the instrument,

The next step is to orient the prints with the stereacomparator. To do this,
the carrier is moved along the xx axis, and the binocular microscope along the yy
axis, until the reference point on the left negative coincides with the principal
point of the left negative. Then, the carrier is moved along the xx axis, and the
binocular is held stationary, until the right reference point coincides with the
principal point tor the right negative. The final adjustment is done by aligning
the right reference point with the principal point in the yy axis of the instrument.

Then, a prominent relief feature, located close to the principal point on the
left negative 1s selected, and the left reference point 1s superimposed with it by
moving the carrier along the xx axis and the microbinoculars along the vv axis.
Through this adjustment, the right reference point will automatically coincide with
the corresponding relief feature on the right negative. ¥f 1t dces not, an adjust -
ment 1s mede 1n the horizontal paraliax by manipulating 1ts adjusting screw. The

same process 1s repeated for the righ. negative, with the fiaal adjustment for the
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left reference point being made with the transverse parallax screw, and by rotation
of the disks to achieve orientation along the vy axis. The xx axis for both nega-
tives should now run in the same direction and parallel to the xx axis of the instru-
ment

After the negatives have been oriented in this manner, the linear coordinate
of the selected relief features can be determined by using the principle of stereo
‘ision. In measuring the linear coordinates of the point for both negatives, the ob-
server moves the carrier with the binoculars and matches the reference point with
the selected relief point for the left negative. Then, if the right reference point
coincides with the selected relijef point along the xx axis of the right negative,the
floating mark will appear to be higher or lower than the point of the plan. Also if
there is misalignment of the right reference point with the relief point, along the
YY axis, then the stereovision will be disrupted and botk points will appear double.
In such a case, the observer must first move the right print along the yy axis until
both points appear to be lying in a straight horizontal plane. Next, the floating
point is aligned to the point of relief over the horizontal parallax screw, The
readings on the scales of the stereocomparator represent the values x, v, P, and Q,

which are the linear coordinates for the selected relief point for both prints.
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CHAPTER
THE STERECMETER

84. The_Function of the Stereometer

When measured on a stereocomparator, hori.ontal parallax differences in photo-
8raphs taken from different points, obtained from the angle of tilt of the optical
axes and the differences in flight altitudes, depend not only on the relief of the
photographed area but also on the magnitude of the elements of exterior orientation.
On the stereocomparator, it js not the real value Ap of the horizontal parallax dif-

ference but the quantity A'p that js being measured, so that

A'p - Ap ¢+ 5p

where 5p is the change in horizontal parallax difference, deperding on the magnitude
of the elements of exterior orientation, Therefore. to determine the vertical in-
terval of points on the ground by horizontal parallax, the quantity 5p must be de-
ducted from the measured values: 5p is related to the current coordinates of the

points and the elements of exterior orientation by the ‘unction-:

30008-5
roved for Release 2010/10/01 : CIA-RDP81-01043R0010000:




-5
Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008

The introduction of corrzctions in measuring horizontal parallax differences
may be carried out analytically, if the value of the elements of exterior orienta-
tion is predetermined and if ¢he current coordinates of the points are measured,
Suck a solution, however, is applied only in cases in which the horizontal parallax
of a limited number of points has to be corrected. Usually, the automatic introduc-
tion of corrections in hoerizontal parallax differences is used.

An instrument called = Stereometer is used for the automatic correction;
1s the design of a Soviet scientist, Professor F.V_Drobyzhev.

The stereometer consists of a stereocomparator equipped with supplementary cor-
recting attachments which are designed to introduce corrections in the horizontal
parallax differences, corresponding to the magnitude of the elements of exterior
orientation. There are two types of stereometers for the solution of a given prob-

len:. the topographical stereometer and the precision stereometer,

85. Schematic Diagram of a Topographical Stereometer

To the fixed base 1 (Fig.154) tracks are attached, along which, by turning the
rack screw 2, the carrijer 3 is moved parallel to the xx axis of the instrument. To
the main carrier 3, two other carriers are mounted: the right carrier 4 and the jeft
carrier 5, which also can be moved in the direction of the xx axis of the instru-
ment, independently of the carrier 3. The left carrier 5 1s moved along the xx axis
by turning the parallactic screw 6, and these changes of position serve for measur-
ing the horizontal parallax of various points of the stereo pair. The right carrier
4 has displacement relative to the elements of exterior nrientation and to the dis-
tance x traversed bv the main carrier 3. These relative displacements are brought
about by means of two straight edges 7 and 8 located in a horizonta) plane and rota-
ting sbout a common center. The straight edge 7 is clamped tn a caster which is
connected with the slide bar @ (not visible in thke dragram): the slide bar mav be

moved along @ track parallel to the vv axis of the instrument and attached to the

IA-RDP81-01043R00!
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main carrier 3. Therefore, when the main carrier 3 1s moved, the track with the

slide bar and caster 1s moved, together with the carrier, along the xx axis, forcing

Topographical Sterrometer

the straightedge 7 to turn about a fixed center through a certain angle 1. The an-

gle of rotation 1 traversed bv the straightedge 7 will depend on the distance d

-
ol

N W,
b-—-—Q‘—-——

Abscass on Changing the

Length of the Straightedge

(F1g.155) measured along the vv axis of the
instrument, between the center of rotation
of the straightedges and the center of the
caster. and on the segment x traversed

the main carrier ‘o the hasas

we mav write

The second straighteage 8 1s clamped to another caster which can be moved

taer with the <!,de bar '™ alone the track '’ which 15 attachea ©o the carraer
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Since the second straightedge 8 revolve: simultaneously with the first about & com-
mon center, it will also rotate through the same angle 1. As a result of the rota-
tion of the second straightedge through the same angle i, the right carrier must
move along the xx axis by the distance x' related to the angle i by the following
equation.

x' = d' tan i

where d' is the distance along the YY axis of the instrument from the center of ro-
tation of the straightedges to the center of the caster of the slide bar 10. If,in
the initial position, the straightedges 7 and 8 are parallel to each other, a turn-
ing of the rack screw 2 will cause both to rotate through the angle i, while the
right carrier traverses the segment x'.

Since the movement of the right carrier, together with the main carrier, took
place through the segment x, the right carrier must move relative to the main car-
rier over the distance x' -x = Ax. From the above equatiors it is easy to obtain:

x(d' —d)
T4

x"~x = d' tan i - d tan 1 = (d' —d) tan ;

(61)

1.e., the displacement of the right carrier relative to the wain carrier will be di-
rectly proportional to the traversed distance and the difference in length of both
straightedges. Therefore, if the length of both straightedges is not the same, the
turning the rack screw ° will cause the left photograph, together with the main car-
F1er, to traverse the segment x, while the right photograph will traverse the seg-
ment x'. Scales on the tracks permit reading the distances between the centers of
the casters and tie center of rotation of the straightedges 1n a directinn perpen.
dicular to the axis xx of the instrument. the scales permat the setting of these
distances either equal to each other (d - d') or unequal,

The straightedges may also be set on the instrument at an angle to each other,
loosening the clamp screw 12 and moving the straightedge 8 i1n the slot 13. The mag-

nitude of the angle of rotatioa of the stra~ghtedge 8 can be read off from the scale

273
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14. If the straightedges 7 and 8 are not parallel to each other, then turning the
rack screw 2 will cause the carriers to travel different distances x.
In the initjal position Fig.156), let
the straightedge 7 lie along the yy axis of
the instrument and let the straightedge 8
form a certain angle P with it. 4 displace-

ment of the main carrier along the xx axis

by a certain segment x, will cause the

straightedge 7 to turn about the cente:r of

rotation 5 through the angle 1, determined

Fig. 156 - Effect of the Angle be- by the equation:

tween the Straiphtedges
tan v =

4

The second straightedge turns through the same angle i, which forces the sec-
ond caster with the slide bar 10 to move over segment x', while the angle > between
the straightedges remains the same. Since the right photograph, together with the

main drum is displaced over the segment x, the tndependent displacement of the sec-

ond vhotograph will be equal to:

From Fig.156 it follows that-

tan (i * 7)) - 4 tan

dlnn 1*tan - -tan & ¢ van .
= _
I -tan i tan

tan? | tan F - tan i tan?
-4 - (621
1 ~tan 1 tan =

At a small value of the angle . . the second term 1n the numerator and tie sec-

27
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o~d term in the denominator in the above equation can he dropped, in first approxima-

tion, and the angle i can be substituted oy 1ts value. Then,

x2
= d tan? i tan B = 2 ¢ap R
2 d

i.e., the independent displacement of the right photograph alone is directly propor-
ticnal to the :tangent of angle 2 set between the straightedges, and the square of

the traversed distunces.

Fig.157 - Arrangement for Variable Rotation of the Hair

Different points of a stereo pair are observed by means of the viewing device
15 (see Fig.154), consisting of an ordinary four-mirror stereoscope with lenses. In
view of the limited {i1eld of view of the stereoscope, 1t may be displaced along the
YY axis of the instrument along the track 16 by turaning the rack screw 17. Horizon-
tal parallax is measured with the aid of wmarks which, in the topographical stereo-

weter, consist of hairs stretched between the hair holders 18. The hairs are

stretched over the photograph along the vy axis, which makes it impoasible to meas-

ure transverse parallax. When moving the carriers % and 5 the hairs remain fixed,
and the various points of the stereo Dair are successiveiv made to coincide with
them. To eliminate the transverse parallax which interferes with the stereoscopic
effect, one of the lenses of the stereoacope 1s displaced along the yy axis with the
aid of a special screw 12, The equidistance between the exit pupils of the instru-

went and the eye base of the observer i: achieved by changing the distance between
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Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

the interior mirrors, which are moved along a suppor’ by the siide 20. The corre-
sponding reading 1is taken on the scale 21.

In addition to the Jdescribed correctional attackments, based un the difference
in length of the straightedges and the included angle =, the topographic stereometer
1s equipped with other attachments., A third correction device consists of two
straightedges 22 and 23 (Fig.157) located below the carrier 4, with the straightedge
22 attached to the right hair holder which rmay be rotated about a fixed vertical ax-
1s 26. The second straightedge 23 may be
rotated about a vertical axis 27 attached
to carrier 4. Straightedge 22 ends in a
caster which is always forced against the

straightedge 23 and, when the hair coin-

cides with the principal point oa the right

photograph it also coincides with the ver-

Fig. 158 - Schewatic Diagram of the

ti is 27. b
Variable Rotation of the ical axis 27 If both photographs are

Hair moved alung the xx axis, the straightedge

23 will also move together with the main

carrier and will slide relative to the fixed caster of the straightedge 22,
Conditions are different when the straightedge 23 is turned in its plane

through a certain angle “o- Then (Fig.158), a displacement of the main carrier over
the distance x will cause the straightedge 23 to push the caster of the straighz-
edge 22, so that the straightedge 22 and the attached hair holder will turn about
the axas of rotation 2o chrough the angle .. The reiation between the angles .
and can be determined from Fiz. 138, where the displacement of the caster along
the yy axis is indicated by ¢, and the length of the straightedge 22 (i.e.., the dis-
tarce from the ax.s of rotation 26 to the center of the caster) 1s indicated bv r.

In that case,
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and, therefore,

~a

. x
s1n £ = — tan
r

Since the abscissa of the points of the right photograph is measured with tue
aid of the hair, it follows that a rotation of this hair tkrough the angle ¢ (Fig.

J59) will vary the measured abscissa by the quantity

xy

Axy = y tan o = T tan o (64)

Thus, on displacement of the main carrier along the xx axis of the instrument,
the right hair will not remain stationary but will rotate in its plane as a function
of the angle of rotation o, of the straightedge
23 and of the traversed distance. Therefore,the
abscissa being measured along the right photo-
graph will vary in direct proportion with the an-

gle of rotation of the straightedge and with the

x and y coordinates of the selected point. The

given angle of rotation co of the straigiitedge

Effect of the Angle o

of Variable Hair can be read from the scale 28 (Fig.154).

Rotation The fourth corrective attachment of the
stereometer 1s designed for rotating the right hair by a constant angle . For
this, the vertical axis of rotation 26 of the hair (F1g.157) has a repeating ar-
rangement which permits the hairs to rotate through the angle . either together with
the straightedge 22 or independentlv of 1t. The rotation of the hair, independently
of the straightedge 22, 1< off{ected by still another straighteage, located under-
neath the straightedge 22 and rotating, together with the hair, about the vertical
axis 26. The lower straigh’edge, after backing off the set screw, may be turned to-

gether with the hair through angle <, after which 1t 1s again rigidly attached to

straightedge 2. and participates with it in the rotation through the angle ..
_ P P ng
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Therefore, if the angle “o 1s equal to zero, the right hair will form the constant
angle 1 with the yy axis of the instrument, which leads to a change in the abscissa

of the right photograph bv the following quantity (Fig.160):

\x‘ = y tan T (65)

For orienting the photographs held by the ca:riers, it is mandatory that the line
Jr'ning the principal points of both photographs be parallel to the xx axis of the
instrument. Therefore, the carriers with the photographs may be rotated in their
planes through the angle x. The angles of rotation, after the clamp screws (Fig.154)
have been tightened, can be read from the scales 25. For convenience in working,an
extension shelf 29 is installed in the instrument, on which the observer may rest

his arm.

Fig.160 - Effect of the Angle of Con- Fie.iA1 - First Auxiliary Correctijvae

stant Hair Rotation At tachment

In addition to these four corrective attachments, some topographic stereome-
ters are equipped with two more artachments designed far estimating the combined eof-
fect of the aneles of t1it and of the pround relief on the change 1n horizontal par-
allax difference.

The first aux:liarv attachment consists of a straightedge 30. which 1s held
flat against the slide bar 9 and is able to move along the vx axis of the instru-

ment by turning the parallax screw. If. in the i1nitial position. the straightedge
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30 forms the angle ¢ with the direction of the xx axis, then (Fig.161) a shift of
the carrijer 5 by the distance Ap will cause the slide bar 9 to shi‘c along its track
Parali«] 5 the YY axis by the distance k, which js determired from the follo'ing re-

lation

affects

so that

Thus the independent displacement of the right carrier will be Proportional to
the abscissa of the observed pPoint, the horizontal purallax difference. and the an-
al straightedge. The value of the angle ¥] can
be read from the scaie to within an error of 2 min,
The second auxiliary correction de-
vice (Fig.162) consists of o straighteage
31 which may be rotated in the horizonta]
plane through the angle v, whose axis of
Fotation is attached to the left carrier 5,
This straightedge ;; always jpn contact
with the caster 33, which js fastened to
the straightedge 35 which 15 displaceab]e
along the track 34, attached to the main
Second Auxiliary Correccion S27F1€F 3. The straightedge 35 ;o broughe
Attachment into contact with the caster by the leve-
36. attached to the left hair holder 13
%hen the main carrier 3 1s moved along tae xx axis of the instrument, the lefe

carrier 3, the track 34, and the S*raightedge 25 are also shifted So that the

1000030008-5
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straightedge 35, which is always parallel to the xx axis of the instrument, slides
along the caster of lever 36. If, however, only the left carrier 5, together with

the straightedge 31, is moved, then if the straightedge 31 forms the angle ¢, with

the xx axis, the caster 33 moves along the Yy axis by the distance a, determined by

the following equation
a = Ap tan Yo

This shift of the caster 33 leads to a similar displacement of the straightedge
35, which causes the lever 36 and the hair holder 18 to rotate through an angle 5y,

which is determined by the following expression:

in By a Ap
sin (= — =« — tan Yy
R R 2

where R is the length of lever 36.
When the hair holder is turned through the angle 5x, a change in the abscissa
of the observed point of the photograph will obey eq.(65) so that
A
Axg = v tan 5y - an v, (67)
Thus a change in abscisza in this case will be directly proportional to the or-

dinate of the observed point, to the parallax difference, and to the adjusted angle

Yg. The quantity Yo can be set up on a scale with scale dividions of 2'.
86. Crientation of Photographs on the Topographic Stercometer
—_— C O ORTOPRS on the ‘opographic Sterecometer

The topographic stereometer i1s designed for plotting relief on untransformea
photographs and 1s equipped with correction attachments for automatic correction
for horizontal paraliax differences. Actually, the correction attachments of the

instrument permit measurement of the abscissa on the right photograph:

= xp = Axy v Ax, LTINS PULERE PRRIVE 9
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as a result of which the measured parallax difference will be equal to

.",—b = xl—xz,-b»—Ax‘—sz—-Ax3 -

- Axy - Axg — Axg

Since the measured parallax difference on the stereocomparator jis

A'pxxl—xz—b

while the real value Ap of the horizontal pParallax difference, is

dp = A'p — 5p

then, substituting these vaiues in eq.(68), we obtain:

A'"p= A'p—Axl _sz—A’3_£u4—Ax5'Ax6 - Ap06p—.§.xx -

- Axy —-Ax;—Ax‘—Axs-Ax6 (69)

From eq.(69) it follows that, in order to obtain resl values for the horizontal par-

allax difference on the topographic stereometer, the following equation must be sa-

tisfied:

5p = Axl ’sz ‘Ax, ‘Ax‘ ‘A!s ‘616

or, substituting their values for the above quantities:

2
*a 2b Xa
- f;l ( e 2 1': ) *
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. . Ap2
In this expression, the terms @
kP
first of these 1s very smal] even at a considerable fluctuation in relief, and the

x, and fﬁ»(ﬂ2 -H,) are dropped, since the

second term ;s equal to zero when L = Hy.
It je evident that this equation is valid for any points on stereo pair having

different current coordinates, if

and Y2: satisfying eq. (72}

. then the horizonta]

ion. Then, the true horizontal Parallax
di fferences will be measured on the topographic Stereometer, which differences per-
mit determination of the elevation differences of Poi1nts on the photograghed area

and plotting of the reljef in the drafting room. Thus, before Proceeding to plot-

282

00030008-5
roved for Release 2010/10/01 : CIA-RDP81-01043R0010




008-5
Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030

ting the relief of a photographed area, the correction at~achments of the sStereome-~
ter must first be set tn a position corresponding to eq.(72); this setting of the
correction attachments ;s known as orientation of photographs on the stereometer,

Depending on the principle hy which the problem is solved, the orientation of
the photographs on the stereometer may be performed by two methods: direct and in-
direct. In the indirect method, the elements of exterior orientation of the photo-
graphs are found from special photogrammetric measurements and constructions,
are then used for calculating the calibration values for the correction attachmentgy
of the stereometer. [n the direct method, the calibration values are found through
successive approximz! ions in working on the Stereometer itself from known elevationa
of a few points within the limits of the sterco pair,

The working procedure used in orientation will be somewhat different for plains
Oor mountainous terrain, Consequently, the first problem to be investigated will be
that of orienting photographs of level terra only the firat four terms of
€q.(71) will have an effect on the change in horizontal parallax difference.

In direct photogrlphic orientation on the Stereometer, the correct setting of
the correction attachments of the instrument jis determined by comparing the measured
parallaxes with their values obtained from geodetic bench marks.

Assume that the two elevation points AI and A7 were determined geodetically:

Knowing the vertical interval between the Points. as well as the elevation and

photographic base, the following equation

bh
H-h

will yield the true horizontal parallax difference. If the horizontal parallax di}

ference \'p between the sSame points 1s measured, then the change 1n parallax differ-
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ential due to the effect of the elements of exterior orientation, can be written in

the form:
5p = A'p - Ap
At the same time, according to eq.(70):

2
xaY
6p - (4" - a) a8+ 2% tano ty, ean < (73)
r

This expression contains four unknown quantities d' -d, 8, p, and 1. To find these

-]
unknowns, four analogous equations with known changes in horizontal parallax differ-
ence must be constructed. To obtain these equations, the elevation of five points
on the stereo must be known from which four vertical intervals and, consequently,
four changes in horizontal parallax differential can be obtained. This requires the

elevations AL Ay, Az, Ay, and A. of five points on the stereo pair, requiring cal-

culation of the four vertical intervals:

hz - AZ-AI;

h3 = AS—AI; h‘ - A‘—Al; hs - As—Al
with respect to one of the points taken as the point of origin, as well as measur-
ing of the parallux differences .'\'pz, A'pg, A'p‘, and A'pg of the seme points with
respect to the datum point. From the known vertical intervals, the elevation, and
the photographic base, the following real horizontal parallax differences are ob-
tained:

bh . bh

Ap. = “p. =
“P3 T BT

‘e, = H .
H - h2 3
and the differences between the measured and calculated values
5py = 3'py —Ap,: 5py = i'py = 2py: bpy = A'p‘—i‘.p‘.

Spg =~ A'pg - Ipe

The resultant changes in horizontal parcllax diiference permits the construction
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the following system of equations-:

5 .
Py = klxz

>py - kyxg

5p4 = klx‘

kz‘g

K, —" ik, - “;‘_E; ky = -2 P (75)
while the x end y coordinates are read from the principal point of the right photo-
8raph. The solution of this system of equations is a rather complicated task; to
simplify the pProcedure, the elevation points must be determined meodetically for
lp.ecially selected points rather thas for random points of the stereo pair. Selec-
tion of a special position of points, moreover, makes high accuracy possible. |[n
fu_:t. i1f denoting the error in the measurement of the horizontal parallax differ-

ences by d6p and the errors in the coefficients by dk,, dks, dkj, and dk,, then:
46p = xdk; *+ x2dky * xydk, ydk

Assuming that dk, = dk, = dk, = 0, we obtain

dbp

dk
! x

Analogously, if dk | - dk -

If dk; - ak,

roved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

It follows from the expressions that tiie minimum error 1n the coefficient ky

will be at Xpax' 10 the coetticient k2. at x . 1m the coefficient k3. at x, . and
.

Ymax' 3nd in the coeflicient ky, at y At the initial point, the error will

max”
equal zero if x = 0 and Yy = ). On the basis of the above considerations, a system
(Fig.163) of a suitable distribution of points having geodetic elevation marks can be

constructed. According to this system:
1= vy =0 xp = vz = 0i xg
Y4 = max; xg = yg =

Then the equations used for orienting the photographs on the stereometer will

take the following form:
+ 2.
5p2 klxz ll,xz.
5py kyxg = kzxg:

keve

bps = kyxs * koxf ¢ kyxgys ¢ kgvs

Since the coefficient k2 in these equations, according to eqs.(72) and (75),
depends on the difference n the longitudinal angles of tile (a;) of the two photo-
graphs, it follows that usually, even in direct orientation, k2 is found from other
photogrammetric operations, and the angle £ is set beforehand on the corrective at-
tachments of the stereometer. In this case, the coefficient k, will have no effect

on the value of 5p, and the basic equation for the orientation will take the form

fu,

Py =

'Tps< Illxv + kv

$°5 4°5

swhile the elevation marks of point 3 need not be determined weodetically, Neverthe-
STAT]
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less, Successfy] construction of thes

the Operations, Consequently, , com-

Piled from the horizonta] points 6 and 7 (Fig.l63) whose elevation must be

ts. For these points, 0, Y6 = -max; X7 =

stereo pair, within whose borders
the elevation marks of gjyx points
(1.2.4.5,6, and 7) haye been geode-
tically determined, distributed qc-
cording to the above aystem, For

these photos, the follo-ing data
Selection of Points for Orienta-

) have been determined beforehand:
tion on Stereo-eter-
the mutual longitudina ] angle of

of tile (Aa' - a'z _a‘l); the flighe altitude; and the photographic base (the meth-

od for finding these values is shown below) . Turning the rack screw wj]] shift the
main carrier of the stercometer along the xx axis of the instrument until the obser-

ver at the Stereoscope sees the right hajr intersect the centers of rotation of the

carriers, marked o, their surfaces. I this Position, , knot g tied into the hair,

whick must coincide wjith the center of rotation,

The righe photograph 1s placed on
the carrier below the hair jp such a way that jtg Princaipal point coincides with

In the same way, Ly turning

the rack screw, the left hair ;¢ made :o coincide with the cente - of Fotation of the

lefe carrier. A kpot 1s tied into the lcfe hair, and the lefe photogrlph 1s placed
on the carrier., The overlnpping Parts of Lboth photographs nust |,e wi1thin the in-

Strument and each photograph js then clamped to its resrective carrier.

IA-RDP81-01043R00!

STAT]



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

After this preliminary setting, the observer matches the right hair with some
contour located near the principal point of the right photograph. If the identical
cbntour on the left photograph does not coincide with the hair in the direction of
the xx axis of the instrument, this discrepancy is eliminated by moving the left
photograph with the aid of the hnrizontal parallax screw. If, however, the identi-
cal contour seems to be located higher o-r lower (along the yy axis) than the corre-
sponding contour on the right photograph, the left carrier must be rotated in its
plane through the angle ¥. In exactly the same way, by matching the left hair with
its contour in the vicinity of the principal point of the left photograph, it fol-
lows that when the identical point on the right photograph is higher or lower the
right photograph must be rotated in its plane through the angle . After this, when
viewing both photographs simultaneously under the stereoscope, the observer must see
a three-dimensional image of the photographed area and only one spatial nair.

) W%hen directly changing to the orientation on the stereometer itself, first tie
angle B must be adjusted between the correction straightedges and all other correc-
t;ou attachaents must be set at zero. For this purpose, the slide bars 9 and 10 are
shifted along the tracks to adjust the resding on the d scale to exactly 100 wm,

while zero readings are set on the scales 1 and Po- The ? is calculated

If fy - 70 wm, the angle 2 must be 1.43 times as large as the angle (2,

set the angle 5, the clamp screw must be backed off (Fig.154) and, while both cor-
rection straightedges are held in place manually, the angle between *hem must be
changed to the desired value. When setting the angle -, 1t should be remembered
that it is considered positive when the straight=dges are opened and negative when

they are closed (see Fig.164).

After the angle ¢ has been set, the operator, while viewing both photographs in

the sterevscope, stereoscopicallv brings the hair to the observed point so as to

STAT]
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make it appear superposed to the selected point. For more accurate coincidence of
the hair with the surface of the model, no elevation control points are pricked on
* the working photographs, rather, the ob-
server determines the place at whicu thev
are to be located by making pinpricks in
the field prints. In measuring horizontal
parallax difference the final adjustment is
made by turning the parallax screw, which
corresponds tc a lowering beneath the
A -0
floating mark.
Fig.164 - Arrangement of the Angle The orientation kegins from point 1
between the Rulers which is used as the datum point. With
this point, the floating mark is matched twice, and the average of two readings from
the horizontal parallax screw is entered in the record of the notebook in which all
steps of the orientation are recorded (see Table on pP.-290). The difference between
the two readings should not exceed t 0.02 mm. If this - .lue is exceeded, the opera-
tion must be repeated. In the same manner, the floating mark must be made to coin-
cide with point 2, and the average of two readings entered in the last column of the
same chart. The column headed *‘ Should be ", is to give the sum of the calculations
obtained by superposing the mark on point 1, and calculating from the known interval
the horizontal parallax difference of point 2. In the colun. headed ‘* Difference ",
the difference between the measured and calculated readings for point 2 is entered.
If the obtained difference (3p,) is more than t 0.02 mm. it will have to be elimin-
ated by changing the length of one of the corrective straightedees. For thys pur-
pose, a reading 1s taken on the scale cf the parallax screw which equals the calcu-
lated value entered in the columm '‘ Should be . The floating will mark be found

not to coincide with point 2 of the model; to correct this, the position of the

slide is altered on the track of the corrective straightedge. In corder to check the

26
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accuracy of the operations, the floating mark 1s again superposed with point 2, thas

time using the parallax screw; if the reading on the scale of the parallax screw is

Table

Data on iPhotograph Urientation on a Sterecmeter

Pair No.1734 -1735; H= 2750 m; b = 80 mm:

Should be

171378
2/2411
4/1 80
5/1209
£/1393
/1194

L A

N e e B e g

LI

equal to the calculated value (with an error of no more
orientation for this point mav be considered complete

the operation must be repeated.

B =+1°30°

Difference

Sd=+0.28 (wm)

VT 0T 4A

than *0.02 =m), then the

1t the readings do not agree,
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After the calculated readings for point 2 have been established and before pro-
ceeding with the orientation, cthe floating mark must once more be superimposed on the
point 1. If the Previous reading has changed (which may happen as a result of care-
less matching of the point ] with the principal point of the right photograph), a
new value for the column Should be " must be calculated and the above process must
be repeated. Thus, the method of Successive approxima‘ions is used for obtairing
congruence 21 the reading actually measured for point 2 and the calculated value of
that reading, pPreserving the datum reading in the record.

By the same method the floating mark is now matched with point 4, and the aver-
age of two readings is entered in the column headed * Reading » . Comparison of this
reading with the value calculated for it (the sum of the datum reading and the par-
allax difference calculated from the elevation difference) gives the difference 5pg,
which must be eliminated by turning the hair in its ~lane through the angle 1.

For this purpose, the calculated value of the reuding entered in the column
headea * Should be " js set up on the scale of the parallax screw, while the float-
ing mark is matched with the point 4 of the model by rotating the right hair, thus
making the rotation equal to the value of the angle 1 in eq.(72). To check the cor-
rectness of the operations so performed, the floating mark is again matched with
point 4, but this time by turning the parallax screw, and if the difference between
the measured and calculated readings does not exceed t 0.02 mm, the Lrientation with
respect to this point is considered completed. If the discrepancy between the read-
ings is over 0.0 mm, the process must be repeated.

After orientation with respect to point 4, the floating mark must again be
matched with point ] aid an initial reading taken nn the scale of the parallax
screw. If there is a s.gnificant angle of rotation T, or 1f point | deviates from
the principal point, the initial reading wil] change, and it wiil therefore be ne-
cessary te repeat the en:ire orientation process from the begirning, starting with

< the observation of po:nt 2 and of the change 1n length of the corrective straight-

STAT]
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edge. By performing the vperations in this sequence, the initia} reading must be
made constant, and the readings directly measured for points 2 and 4 of the model
must agree with the values calculated for such readings._

The float ag mark is hext matched with point § of the model, and the average of
two readings entered in the column headed ‘ Reading ” of the record. If the sum of
the initial reading and the calculated parallax difference, as entered in the column
headed * Should be ”, differs from the measured value by more than + 0.02 mm, a
reading equal to the calculated value is set up on the scale of the pParallax screw,
and the floating mark is matched with point § of the mcdel by changing the position
of the corrective straightedge Po- The floating mark is then matched with all four
points of the model in the above-described sequence, until the readings on the acale

the parallax screw coincide with the calculated values for all observed points,
The floating mark is matched not only with points 1,2.4, and S, but also with points
6 and 7, which constitute the control points. In this case, after orienting the
photographs with respect to points 1,2,4, and S. the difference between the measured

ot exceed : 0.03 - (.04 mm, This

order of operations, if the distribution of the points of the stereoscopic pair is
suffiziently strict (meaning that the deviation from the standard layout does not
exceed 10 am), permits orientation with only a few Spproximations. At a large devia-
tion of the position of the points from the scheme, the number of approximation is
considerably 1ncreased.

It is useful in practical work to first make an approximate orient-tion,keeping
the residual differences to .1 mm. and then make the final orientation, using the
above-described layout .

All measurements connected with the orientation of a stereoscopic pair, are en-
tered in the record (see P.290 ). for which the following order of entries has been
adopted. In Co'umm 1, the current number of the points is ertered, the numerator

chowing the number of the points in the order of orientation, and the denominator

30008-5
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giving their field numbering.

In Column 2, the altitudes (elevations) of the control points are entered with
an accuracy of 0.1 m; in Colusn 3, their elevationsrabove the datum point; ir Column
4, the calculated parallax differences; in Column S, the readings on the scale of
the parailax screw when the space hair coincides with the point in question. The cal-
culated parallax difference, added to the initial reading for point 4, is entered in
Column 6 and the difference !'atween the measured and calculated readings, in
Column 7.

On complet-sn of the orientation, the observer enters the readings on the
scales of the correction devices as we.l as the values for the vhotographic base and
elevation.

As a result of orientation, the measured horizontal parallaxes of all points of
& stereoscopic pair will be free from the effect of the angles of tilt of the photo-
8raphs and of the difference in flight altitude.

Since, for the orientation of the photographs on the stereometer, it is suffj-
cient to know the elevation mark of four points, the points 4,5,6, and 7 often ap-
pear as such. In this case, a comparison of measured and calculated hLorizontal
parallax differences of points 4 and 6 permit establishing the value of initial
reading and the value of the angle 1, while the elevation marks of points 5 and 7
are used for setting the angle o and the difference Ad of the lengths of the
straightedges. Such a method of solving the problem slightly changes the order of

orientation, since first the angle 1, then 0o. and finallv Ad are established.

87, Calibrstion of the To raphic Stereometer

Be forc beginning work on the topographic stereometer, all scales of the instru-
ment sust be set to zero reading, and the instrument checked and brought into the
required condition or, in Common terminology. calibrated. This calibration is done

partly at tle shop, and requires the presence of a mechanic (plant calibration), and STAT]
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partly during operation of the instrument (service calibration)., The plant calibra-
tion of a stereometer includes:

1. Matching the centers of rotation of the carriers of both photographs with
the intersection of the marker lines on these carriers;

2. Determination of the linearity and parallelism of the track and all carriers;

3. Adjustment of the centers of rotation of both of the two carriers to one line
parallel to the x-axis of the instrument;

4. Checking the corrector straightedge 25 (Fig.129) for pParallelism with the
x-axis of the instrument ;

5. Matching the axis of rotation of the carriers to the extension of the axis
of rotation of the hair holders, by sighting to the centers of rotation of the car-
riers;

6. Checking the guides of the corrector or atraigktedge for perpendiculaiity to
the x-axis of the instrument;

7. Passing the hairs through the centers of rotation of the carriers ir. the in-
itial position,

8. Checking the image in the stereoscopc for quality;

9. Checking the scales and screws for accuracy and true.

To check whether these specifications are met, test grids (Fig.165) are used,
consisting of glass plates(i3 ~ 18, 18 18, 24 <24, and 30 * 30 cm) with engraved and
traced lines. These horizontal and vertical lines are drawn at intervals of § wen,
with an error not exceeding 0.0] mm. An indicator consisting of a dial with scale
graduations of 0.0} m and a pin are often used in the calibration. For reading the
dial. a pointer connected with the pin over a SPrIng 1s used. Fressure on the pin
causes the pointer to move over the diai. The tracks are checked for linearity and
Paralle'ism with the aid of grids, applied to the carrier of the instrumnt when the
central intersection of the grid lines is superimposed on the center of rotation of

the carrier. At this instant, a small knot in a hair ®ust coincide with the central
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intersection of the grid lines., By turning the rack screw, the main carrier is moved
to the left, during which time the hair node must continue to coincide with the same
horizontal grid line with which it coincided at the initial position. In case of
discrepancy, the lock screw of the carrier is backed off, and, by turning it through
the angle ¥, the knot is made to coincide with the selected line. The knot must
move along the selected horizontal lines, when the rack screw is turned, with an er-
ror not over 0.1 mm. Displacement of the knot by more
than the tolerance indicates nonlinearity of the track,
which must be corrected by the mechanic. Further, if
the left carriage is moved with the aid of the parallax
screw, while the right :arrier is moved by varying the
angle B between the corrector straightedges, the knot
must be displaced along the same horizontal lines with
Fie-165 - The Test Grid &n error not over 0.2 mm. An error above the tolerance
indicates that the three guides lines are out of paral-
lel and must be adjusted by the mechanic,

%hen the carrier with the grid is rotated in its plane through the angle y,the
central intersection of the grid lines must not diverge from the intersection marked
on the carrier; any displacement by more than 0.3 mm is corrected by marking a new
intersection on the carrier,

The position of the centers of location oi both carriers on a single line par-
allel to the x-axis of the instrument is checked after the two grids have been
Placed on the carriers so that their horizontal lines coincide with the direction of
the x-axis of the instrument. A hair 1s then stretched over the grids and matched
with the horizontal line of one grid. The corresponding line of the other grid must
coincide with the stretch , hair with an error not over 0.2 mm. any discrepancy is
adjusted by the mechanic.

Parallelism of the ruler 35 wath the xx axis of the instrument and the setting

CIA-RDP81-01043R0!

Sanitized Copy Approved for Release 2010/10/(

STAT]



4 e R 1

Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

of the angle Yo are checked by moving the main carrier along the xx axis; in this
case, the hair holder must not rotate in its plane.

Perpendicularity of the track of the corrective straightedge to the xx axis of
the instrument is checked by moving the slide bar according to special marks located
above the left carrier for the orientation grid. These marks must coincide with the
vertical line of the grid during additional independent motion of the slide bar,
causing a shift of the mark with respect to this line of not more than 0.1 mm for
all ranges of motion of the slide bar.

The quality of observation in the stercoscope is checked by atereoscopic obser-
vation of grids oriented in the instrument. If corresponding horizontal lines of
the grids merge without trouble into a single spatial line, calibration can be consi-
dered accomplished. If the corresponding horizontal lines merge or are at an angle
to each other, the cause will be a lateral rotation of one of the mirrors.

The pornition of the axis of rotation of the carriers on the extension of the
axes of rotation of the hair holders and coincidence of the hair with the center of
rotation is checked after all the correction devices have been set to zero position,
Then, sfter matching the right hair with the center of rotation of the right car-
rier, the rulers P, and T must be rotated to the maximum argles. If on such rota-
tions the hair does not diverge more than 0.2 mm from the center of rotation of the
carrier, specifications are considered met; otherwmise the mechanic must shift the
axis of rotation of the hair holder. The position of the right hair through the
center of rotation of the right carriage is checked after setting the x-scale of the
instrument to zero position. In this case, the right hair must pass through the
center of rotation of the right carrier with an error not exceeding 0.5 mm. If this
specification is not met, correction must be made by displacing the center of rota-
tion of the corrector straightedges.

The final check on the scales and operation of the screws of the instrument i<

made with the aid of an indicator attached to the fixed hase of the instrument; the
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pin of the indicator must rest on the left carrier. Any displacement of the lefe
carrier by the parallax screw leads to a change in the readings on the indicator
scales and the parallax screw; the changes on both scales must be equal.

The above-described operations complete the list of check tests for proper func-
tioning of the 1nstrument and for checking on the accuracy of the plant calibration.

Such defects in the instrument can be corrected only by a mechanic,

88. Service Calibration of the Topograp Stereometer

Calibration of a stereometer consists mainly s5n defining the initial satting
and the scale readings of the corrective attachments corresponding to their zero po-
sition (i.e,, determination of the zero points on the scales of the instrument),
Such service calibration of the Stereometer is performed periodically with reference
to test grids, placed in the instrument’s plate holders and oriented along the xx
axis. To aid in orientation of the grids, knots are tied in the hairs of the in-
strument, corresponding with the centers of rotation of the plate holders. Calibra-
tion of the topographic stereometer includes the following:

1) Datermination of the zero point on the x-scale and rotation 8;

2) Determination of the zero point on the t-scale;

3) Determination of the tero point on the o -scaule;

4) Determination of the zero points on the d and 4' scales;

S) Determination of the length r of the radius of rotation of the right
hair holder:
Determination the zero point on the parallax screw scale:
[setermination the zern point on the ra-scale.
Determination the zero point on the v,-scale;
Determination the length R of the radius of rotation of :the left hair
holder.

Determination of the zero Point on the x-scales and the rotation * of one cor-
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rective straightedge relative to the other is performed by shiftinz the tracks of

the corrective straightedges in direction of their trave.*. To set the zero point on
the x-scale, the observer, after shifting the main carrier along the xx axis, matches
the right hair with the center of rotation of the right plate ho.der, and then
changes the position of the slide block of the lower ruler. If, during this shift,
the right hair moves from the center of rotation of the right plate holder, the posi-
tion of the main carrier must be changed by shifting it along the xx axis. This se-
quence of operations is continued until the right carrier remains stationary when

the slide block is moved along the lower track, which corresponds to a parallel po-
sition of the track and the firs. corrective ruler. Since, during factory calibra-
tion, the track was set along the yy axis of the instrument, the first corrective
ruler will occupy the same position. The position of the main csrrier thus ob-
tained is set in accordance with the reading on the x-scale and is the latter's zero
point,

Aiter the zero point of the x-scale has been determined, the slide block of the
upper straightedge is shifted in the same manner, and the motion of the right car-
rier is eliminated by changing the angle B between the corrective rulers. The scale
reading taken for the stationary position of the right carrier corresponds to the
matually parallel position of both corrective rulers and is the zero point of the
B-scale. The zero point of the repeating system 1 for the hair is read off on its
scale after the hair has been matched with a grid line parallel to the vy axis
of the instrument, passing through the center of rotation cf the right plate holder
(Fig.166).

The zero point on the -o-scale 1s read off after the hair has been matched with
the line on the test grid which is farthest from the center of rotation of the right

plate holder (Figure 167). For increased accuracy, the hair is stereoscopically

* In the topographic stereometer TSI- 2. the zero point of the x-scal= is not determined, but the
zero points of the = scale and the differences d of the lengths o f the rulacs ape deterrined bv

weasur.ng the horizontal paraliax differences at three points on the teat arid.

J¢y
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matched with the line. To determine the zero points of the d and d' scales of the
corrective rulers, their lengths and then their zero points, are adjusted to be
equal. First the right hairline is matched with the vertical line on the grid which

passes through the center of rotation of the right plate holder, while the left hair

Fig.166 - Zero Point of the Repeat- Fig.167 - Zero Point of Varisdle Rota-
ing System tion of the Hair

is matched with any line on the left grid. When the lengths of both rulers are
equal, the main carrier is shifted along the xx axis until both carriers are equally
shifted under the fixed hair (if the zero point was set on the 3-scale), i.e., the
‘airs must coincide with the two other vertical lines of the grid farthest from the
original lines. If there is non-coincidence of both hairs with the same vertical
lines, this can be remedied by changing the position of one of the slide blocks on
its track so that the lengths of both rulers become equal. For determining the
zero point of the scales, the right hair is again matched with the vertical line on
the grid which passes through the center of rotation of the right plate holder, and
then., with the main carriage shifted along the xx axis, i1t 1s matched with any other
distant line. the corresponding readings of x_ and x' are taken on the x-scale of
the main carrier, while the d and d' readings are taken on the tracks of the correc-
tive rulers. It the reading of d is then changed by sliding one slide block along
its track unti1l the hair coincides with another vertical line, 1.e., until the right
carrier passes through a certain distance “x, then the actual lenagth d  can be cal-

culated from the equat:on:
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(x' - x )Ad

77)
Ax

where Ad is the variation in reading along the irack. Then the zero points of the
corrective rulers will represent the difference (d -d,, d' -d,) between the lengths
of the rulers as read off, and their actual length,

The length r, i.e., the radius of rotation of the

right hair holder, is determined after the right

hair has been matched with any vertical grid line,

located at a distance x from the center of rota-

tion of the right plate holder when the reading om

the ¢ -scale is set to correspond with its zero

point. If the reading on the o, -scale is changed
in such a manner that the end of the right hair
coincides with another vertical grid line, then
Fig. 148 - Determination of the

Length of the Radius the length r of che radius can be calculated from
of Rotation

8)

where y is the distance along the yy axis to the end of the hair which is matched
with the other vertical line (Fig.168); o, is the established angle of rotation; Ax

is the displacement of the end of the hair along the xx axis.

The zero point of the horizontal parallax scale is determined by first match-

ing the hair with the centers of rotation of both plate holders and then reading the

corresponding values of x; and x, on the x-scale of the instrument. The difference
P _(x, \ n - s eh a Vaialiax >crew and the vaiue of

the displacement (xg - xy) of the main carrier 1s then the zero point of the horizon-

tal parallax scale.

The zero point of 1, 1s determined by rotating the horizontal parallax screw

and observing the right hair. whichk sheuld coincide with some vertical line on the

300

roved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

test grid. If, on such rotation, the right hair does not coincide with the line,
the corrective ruler Yy s rotated until the difference is eliminated. The reading
on the Y, scale will then be its zero point.
The zero point of the r9 scale 1s also found by turning the horizontal parallax
acrew while observing the left hair. If, at first, the left hair coincides with
some vertical grid line, and then, after the read-

ing on the horizontal parallax screw has been

changed, no longer coincides with the succeeding

lines, then the reading on the Yo scale must be

changed until the hair stops rotating. The read-

ing on the Yo scale will then be its zero point,
To determine the length R 5f the radius of rota-

tion of the left hair holder it is necessary to

Fig. 160 - Determination of the
length of the Auxili-

ary Corrective Ruler match the hair with some vertical line. After

set the maximum reading of Y, on the scale and

this, turning the horizontal parallax screw will
result in a rotation of the hair in ilts own plane. This rotation is continued un-
til (Fig.169) the end of the hair, located at a distance y from its center, does
not coincide with any but the central vertical line. Then the length R can be cal-

culated from

where v, 1s the established angle of rotation, while "p 1s the change in reading on

the horizontal parallax scale relative to the ini1tial reading.

89. Determination of Camera Station Height and Photographic Base

In orienting the photographs on the stererometer the parallax differences of

Six points must be calculated from the known geodet1: elevation marks and compared

361

1043R001000030008




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

with their measured values, The height of the camera station and the photographic
base must be determined in advance before these parallax differences can be calcu-
lated.

As demonstrated above {(eq.6), for the case of level terrain and vertical direc-
tion of the optical axis of the aerial camera, the scale of the aerial photograph is
given by the ratio of the focal length of the camera to the flight altitude. There-

fore, the flight altitude can be obtained from
H . Ik.

To determine the scale of the photograph, the ratio of segments drawn between

cnrresponding poiat-pairs on the photograph and on the ground must be used. Since

it follows that

D
H-f — (19)

In the case of terrain with prominent relief (but with the photograph still
horizontal,) this ratio no longer holds true, because of the fact that the pslyconic
projection of the photograph differs from an orthographic plan projection, so that

a correction for relief must be applied to the distance D. Therefore (Fig.170),

D - D, - :’l —Az

where D, is the distance between the orthographic projections of the points, and A
and dy are the corrections for relief of the two respective ends of the segment se-

lected.

In order that no correction for relief need be applied to the distance D, it

1S necessary that A2 - Al' from which i1t foliows that
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Thus, if in calculating the fiight alt.tude from eq.(79), the distance bet'een.
the orthographic projections of tae ends of the segment D is taken for the segment D,
then the flight altitude will be determined with respect to the plane containing the

elevation mark given by the expression

r,A, - r A
72 (81)

rz—r)

where Ay und A) are the elevation marks of
the ends of the segment, and rp and r) their
distances from the principal point of the
photograph.
This relation is obtained because of
Fig.170 - Determination of the the fact that

Csamera Station Height at

Prominent Ground Relief

If the optical axis of the camera is tilted, as stated above (Sect.76), then
the segments on the photograph will change with anv change in the coordinates of
their ends. The variation of these coordinates (without allowing for variation in
flight altitude or in angle of rotation of the photogriph 1n 1ts oen plane) 1s ex-
pressed by

x2
‘x = -f, ten a. -

Therefore, 1f for the segment on the photograph the distance from a cnptour point
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coinciding with the principai point to any other point is used and if this is
adopted as the direction of the xx axis, then the change in the segment d will be

n, 74 0. expressed by the quantity
——t
[}

(82)

which leads to an incorrect determination

f

of the flight altitude. To eliminate the
effect of this term on the distance d

measured on the photograph, the segments

must be selected along a single straight

S —

A
7} o; line passing through the principal point

G

Fig. 171 - Determination of the of the photograph, while the ends of the

2
»

Photographic Base segments must be symmetric relative to

this point. Then
x; = x; - Axy
Xy * x3 — Oxg T (83)

where x) and x; are the coordinates of both ends of the segments on the horizontal
photograph while x‘l and x5 are those (assumed as equal) of the same points on the
tilted photograph. The change in sign 1n the last term is due to the negative value
of x5 and xh of a point on the other side of the principal poant.

Adding the two expressions, and assuming that x; * xo = d. we have

d - 2xp ¢ d’

1.€.. a segment measured on a tilted photograph 1s =qual to a segment measured on a
horizontal photograph if the segment passes through the principal point of the pic-
ture, and 1f 1ts ends are equidistant from the principal poant.

Therefore, to determine the tlaght aititude, a segment passing through the

principal point, with 1ts ends equidistant from this fornt. must be selected on the

304
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photograph. This segment as well as the distance between the corresponding points
on the plin are then measured, after which the flight altitude is calculated from
€q.(79). This flight altitude is obtained relavive to a plane of elevation equal to
the mean elevation of the segment ends (since T} = roj.

The photographic base can be determined from a plan phototriangulation network
if the principal point of the photograph is taken for the vertex of direction., In

this case (Fig.171), the photographic base is represented by the expression:

B - NIOx + 0102-—02N2 = 0102 +H¢e¢n a‘x ~H tan a': -

" (84)
= 0,0 + -
192 S (“.l “x:’

i.e., the photographic base will be equal to the sum of distances on the map between
the principal point and the product of the flight altitude plus the difference in
longitudinal angle of tilt. If the plan phototriangulation network has been con-
structed from working centers not coinciding with the principal points, then such a
definition of the photographic base becomes 1mpossible; in that case, the measure-
ments are taken between the Principal points of the photographa. Based on eq.(44),

the relation between the distances on the photographs and those on the ground is de-

termined by the following equations:

where ©105' denotes the distance between the principal points on the left photograph

while oy09' denotes the corresponding distance un the right photograph. Noting that
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and that, sjince the angles of tilt of the optical axis are low,

and tan a’z =

we obtain:

1 ‘2
i 0,0 0,07 + 220 a
_ = o -
H 12 2% {lo x,

Adding these two expressions and dividing their sum by two, wil] yield

whence

°20)
—(a
2fk° )
2flz ‘o o;

2
2 fl o

+

To determine the photographic base in this manner, the distances between the
Principal points on the two photographs must be measured, and the mutual longity-

dinal angle of trlt of the Optical axis must be known. The mutual longrtudinal an-
gle of tilt s determin. d by the method given in Section 104,
If the phototrinnnlation was performed at the vertexes of the directions coin-

ciding with the nadir point, then the weasured distance on the network will] exactlyv

represent the photogr-phic base. When performing the photogramme: ric densification

3G6
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of the control network by the method of shotopolygonometry (see Sect.112), the val-
ues of the height of the Camera stat.on are known in advance, and the values for the
photographic base, used in calculating the horizontal parallax difference, are ex-
pressed by the function

Rf,

H,

where B is the value for the photographic base obtained from running the photopoly-
gonometric traverse, while H is the height of the camera station for the left photo-
graph, above the horizontal plane intersecting the projection of the principal point

of the right photograph at the ground,

90. Plotting the helief on the Stercometer

Before starting to plot the relief (tracing horizontals) on the oriented ster-
€o pair, a Table of readings from the parallax screw scale corresponding to a given

horizontal must be prepared. This table of elevation 1s computed from

(87)

where P denotes tie reading on the parallax screw scale for the selected horizontal,
which has an elevation difference h above the datum (initial) point which had a
reading of P} when it was entered.

The first step is to determine the minimum and maximum elevations which are
multiples of the sections’ for the horizontals to be plotted (i e . 5. 10, or 20 m).
To do this, the floating mark is placed on the lowest and highest points of the
three-dimensional model (estimated by eye by viewing the entire model), and the ele-
vation differences of these points over the initial point are then calculated from
€q.(36). From the known elevation of the first point and from the computed differ-

ences 1n elevation, the elevations of the observed points can te computed within the
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Iimits of a given model. In this way, Column | of the Table of elevations ca" pe
filled out if the smallest section is taken as a multiple of ti= assigned and some-
what lower elevation of the lowest point, while the highest value exceeds the eleva-
tion of ihe point with the greatest elevation.

The readings on the parallax screw scale are calculated in the same way for the
remaining sections and are entered in Column 2 of the Table. 1In compiling the Table,
computations are made every 50 - 100 m cross section, and intermediate values are ob-
tained by interpolation, as shown in Columns 3 and 4. Differences between sections
in the readings of the parallax screw scale obtained by interpolation, are entered
in Column 4 of the Table of elevations, which makes it possible to obtain readings

for all sections within the selected range.

Tatle of Elevations

(Stereopair No.1734-1735)

Height of Interpol ation l
?d‘ ° Di fference Di fference

Horizontal | between

Horisontals

70.39

0.27 70.66

0.27 70.93

0.77 T1.20

0.28 T1.40

0.28 T1.76

0.28 T2.04

420 | ; ; 0.2 ~2.32

430 . ‘ .28 ‘ T2.60

40 i 5.20 2.84
450 T3.18 § b

; : X -3, ‘ ; 0.29 73.18
;______________.______________4_______________J________________J_._____________J

Before plotting the horizontals, the observer must stereoscopically view the
entire area of the stereo pair to interpret properly the general character of the

relief. In doing this. special sttention should be paid to the hvdrographic svstem
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and the direction of divides and thalwegs. I many cases, it is advisable to make
such viewing not only on a single stereo pair but for the section as a whole, noting
on the photographs the basjc elements of relijef observed while studying them under a
simple sStereoscope. Of considerable aid in plotting horizontals is the physico-geo-
graphic description of the region, and the standard: formulated after studying the
shapes and conditions of the formation of relief,

To plot a horizontal,
from the Table of elevations and from the correaponding horizontals, Then, by mov-
ing the main carrieron the xx axis of the instrument, the observer will note that
the thread coincides with various points of the stereo model; all these points be-
long to the selected horizontal. Joining the points on the right contact pPrint with
& smooth pencil line gives the horizontal of the given section. After bringing one
horizontal to the borders within which relief ia being plotted on the stereo pair, a
new reading is set on the Parallax screw, and another horizontal is then plotted on
the contact print. All horizontals on a given satereo pair are drawn in the same man-
ner,

In many cases it is edvisable, instead of plotting the horizontals in the man -
ner described above, to measure the horizontal parallax of all characteristic points
of the model, and to calculate first the differences in elevation and then their
height from €q.(36). The selected elevation marks of characteristic points will
make it possible to plot horizontals by interpolation later, using the stereoscopic
method of viewing. In this case, no readings are set on the scale of the parallax
screw,_

orizontals are drawn according to the technical rules
instructions. Besides drawing horizontals, th: elevations of points are determined
in places specifically indicated in the instructions, €.f., at water boundsries.

Of particular importance in work on the stereometer 1s checking the accuracy of

representation of relief. This is done on completion of tne work on the stereo pair

008-5
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by matching the hair with some point of the model and taking a reading on the scale
of the parallax screw. The height of this point calculated from the horizontal par-
allax should coincide with that read of f the plotted horizontal, A second check is

made by recording with the adjacent stereo pairs, and also by using elevation con-
trol points that had not been used in the stereometer work.

The junctions of the horizontals with the adjacent stereo pairs give their most
likely position; this summation of the horizontals can be done in two ways: In the
first or visual method, two adjacent photographs already containing the horizontals

are placed side by side, and the position of cach horizontal compared is checked

from the relief. This method should be used for comparatively flat relief,with the

horizontals not closer together than 5 -10 mm. The second method is the stereoaco-
pic method of plotting the horizontals, which is done under a simple stereoscope.
After an analysis of the recording, the new position of t.ie horizontal is marked and

should correspond to the marked relief,

91. Processing of Prints of a Mountainous Terrain

The processing of photographs of mountainous terrain on a stereometer has spe-

cific features due to the fact that the instrument is equipped with auxiliary cor-

rective attachments. The main corrective attachments of the stereometer, as shown

in Section 86, take into account the influence of the first four terms of the above

equation, while the last two terms refer to the auxiliary attachments. However, wlen

the relief of the terrain is pronounced, these terms may strongly influence the var-

iation in horizontal parallax. For example, for photography at an altitude of

3500 m with a base on the survey scale equal to 70 mm, at an elevation difference of

the selected point over the datum point of 750 m, 1= 2°
2

. fk=70-|. andxlxo,
the horizontal parallax difference will be 15 wm, while the influence of the next to
the last term will be 1 mm, corresponding to an elevation difference of 50 m. Thus,

at pronounced relief, the failure to allow for the last two terms in eq.(72) will
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lead to errors in elevation amounting to several tens of meters,

Therefore, for cases of considerable fluctuation in the relief of a photographed
area, the orientation of the photographs on the stereometer and the plotting of the
relief must be performed with the angles v, and Yo set on the correction attach-
ments so as to satisfy eq.(72). At the same time, it is evident that the values of
the :ngles y; and Yo depend on the elements of exterior orientation, the angles axz
and Wy, with which the corrective terms Ad and 1 are correlated. Therefore, assum-
ing in first approximation that RH - 0 and x2~x] = 0, we can write:

ﬁdfko

%2, * T 7@

f,
G- s

The conclusion as to equality of the angles x) and x, and equality of the
flight altitudes can be reached since, on orientating the photographs on the stereo-
meter according to their initial direction, the difference between the angles x) and
Xg will be very small, while the difference in flight altitudes of two adjacent pho-
tographs of the same flight strip will also always be small. Of course, such an as-
sumption will lead to some errors in the determination of the angles a,(2 and wy,but
these are minor.

On the basis of eq.(88) for the angles x12 and w, and of €q.(72), we can write:

24241, c \q

kath b

Therefore, the processing of photographs of

must be performed in the following seguence:
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After placing the photographs on ;he Stereometer, they are oriented by the above
method with an f-.ccuracy to within 0.] mm, but uneliminated residual errors for thLe
control points may still remain. After this, readings of Ad and « are taken from
the scales of the instrument, making it possible to calculate the angles Y] and yq

and the corrective term 5'v from the equations:

Y]"

2bApAdS, o
fodzb

= - —A
3 P

while the last corrective term is calculated from the calculated horizon:al paral-
lax difference for all control points.

The calculated values of the angles A and Yg are set on the correction attach-
ments of the instrument, while the calculated horizontal parallax differences of all
control points are corrected by the value of 5'"p. This setting makes it possible
to perform a secondary orientation of the photographs on the stereometer according
to the above system, as a result of which there should be no residual errors at the
control points. The form for an orientation record is shown in the following Table.
Columns |, 2, 3, and 4 are filled out before the first orientation and Columns 5
and 6, before the second. Then the relief 1s plotted under the siereometer bv a
method analogous to tha- described above, except for the fact that, in calculating
the readings of the horizontal parailax screw, the :orrection 4"p must be takem in-
to account. Therefore, in calculating the Table of elevations (given below), the

horizontals are entered in Column 1, the elevation differences of a few contours

relative to the datum Point are entered in Column 2. the calculated values of hori -

312

ved for Release 2010/10/01 : CIA-RDP 043R001000030008-5

I R




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

Record of Photog.,aph Orientction on the Stereometer
Pair No.1241 - 1842
H=2800m; b= 70 mm; B = 2°
f, = 70 mm
Sp 5"p | Bp+6'p | Reading | Should be
-

4 5 6 7 8

b o s e e e

0.0
204.5 5.50
382.9
16R.5

73.1
259.6

e imaan

1
2
1
2
A
1
2
4
H
1
2
4
s

O = -0°24'
Ad=+ 1.24
T = .27
Y, = +1°01'
Yy = -2°36"'
Ad

T
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zontal parallax differences in Column 3, the correction for calculated parallax dif-

. ference in Column 4, and the sum of the calculated diiference plus the correction in
Column S. The difference between the obtained values is taken, entered :n Column 6,
and interpolated among the remaining sections. The result of tuis interpolation is
.

entered in Column 7, which makes it possible to obtain readings on the horizontal

parallax screw, adding the obtained values to the initial reading.

92. The Precision Stereometer

In a number of cases, for work requiring high accuracy in measuring the hori-
zontal parallax difference, a precision stereometer is used. A precision stereome-

ter is the same general design as a topographic stereometer. The basic difference

The Precision Stereoweter

betweer a precision stereometer and a topokraphic stereometer are: use of points as
measuring marks i1nstead of cross hairs. use of a binocular microscope like that in
a stereocomparator; use of negatives instead of contact prints for measuring; and a
special svstem for the corrective attachment Og-

. To the base 1 (Fig.172) of the precision stereometer. tracks serving as the xx

axis of the instrument, are mounted. The main carrier 3., moved by turning the hand-

3la

Sanitized Copy Approved for Release 2010/10/( CIA-RDP8



8-5
Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R00100003000:

|

wheel 2, ;s displaced along these tracks.

A second pair of tracks parallel to the

first, is located to the right of the carrier 3,

The upper carrier 4, which bears

Table of Elevations
Pair No.1841 - 1842
b =70 pm; H . 2800 m;

(Bp + 6"p)

for excess

8-5
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the negative holder 5 with the atiached negatives, can be moved along chese secondary
tracks. The carrier 4 is shifted along the xx axis of the instrument by means of the
parallax screw 6, with the resultant displacement read from the scale and drum 7,
with an accuracy up to 0.01 mm. Besides moving along the xx axis, the right carrjer
can also move in direction of the Yy axis of the instrument, independently of the
left carrier. This movement is accomplished by means of the transverse parallax

screw 8.

Fig.173 . Corrective Attachment of the Precision Stereometer

The left negative is placed into the plate holder 9, which is placed on the
left carrier 10, which also can be moved independently of the right carrier along
tracks located on the main carrier 3. This displacement is effected by the correc-
tive attachments of the instrument. and 1s 1ntended to compensate the influence of
the elements of the exterior orientation of both photographs on the change in hori-
'zontal parallax. The correction attachment, used for compensating the effect ,Lf

the difference in flight altitude and the longitudinal angles of tilt of the two

CIA-RDP81-01043R0!
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.
photographs, consists of two vertical straightedges, rotating about a fixed axis,on
which the graduated circle 11 for calculating the angles of rotation of the straight-
edges (Fig.173) is located. The straightedge 12, over a scissors arrangement is
pressed against a roller, located on the moving part of the support 13. Support 13
is rigidly attached to the main carrier 3 of the stereometer. The second straight-
edge 14, ugain over a scissors arrangement, is pressed to a roller, connected with
the mwovable part of the support 15. This support 15 is connected with the left car-
rier 10. The position of the rollers of the support can be changed separatelv rela-
tive to the carriers by turning the =mall drums 16 and 17, which makes it po sible
to change the length d of the rorrective rulers. By turning the screw 18, the
straightedge 14 can be rotated through the angle B; correspondingly, the reading is
taken from the scale of the graduated circle 11.

The precision sterecometer is equipped with s special correction attachment to
allow for the influence of the lateral angles of tilt, which rotates the left photo-
graph in its plane through the angle 0. A vertical shaft is mounted to the stand 1
about which the ruler 19 is rotated in its plane through the angle Po- After the
ruler 19 (Figs.172 and 174) is turned, it is fixed in its new position, and the ro-
tation is read off the scale. A roller, ending in the bar 20 and placed in a hori-
.zontal plane, is pressed against ruler 19 by scissors. The other end of the bar 20
is connected to the bracket 21, which is fastened to plate holder 9 which can be ro-
tated in its plane about a spindle passing through its center. When the ruler 19 is
turned and the main carrier 3 is moves along the xx axis of the instrument, the rol-
ler of the bar 20 will move on the vy axis of the instrument, which wil' cause the
plate holder 9 to turn through the angle . The final corrective motion is effected
by rotating the plate holder in its plane through the constanmt angle 1.

The observation of various points of the photographs on a precision stereometer
is cerried out with the aid of marks, located in the focal planes of the eyepieces

of the binocular microscope. The moving part °2 of the binocular microscope is

3T
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moved by the handwheel 230n the yy axis of the instrument. The fixed part 24 of the
binocular microscope is rigidly attached to the base 1 of the stereometer. The ab-

servation system of the stereometer has a magnification of about 3.5. The work on

the precision stereometer is exactly the same as that described above for the topo-

graphic stereometer. The instrument is often used as a stereocomparator, with the

correction attachment set at the initial {zero) position.

Fig.174 - Schematic Disgram of the Variation in Rotation
of the Photograph
Since the precision stercometer contains no auxiliary correction attachments
for the combined infiuence of relief and angles of tilt, another method must be used
for processing photographs of mountainous terrain. In this case, after the first

orientation, the equation

2(x - brA (x - bliphd vip
. P

2 . S e i - (90)
£,- Ba; 7 bd b.

1s used for calculating the corrective terxs in the horizontal parallax difference
of all control points: this makes it possible to carry out a final orientation. In

plotting the relief, instead of automatic application of the corrcctions %d and o7,

1043R001000030008
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Record of Orientation of Photographs on a Stereometer

Pair No.1844-1845 H « 2800 m; b - 70 m; B )

bp x=x;-b y 5'p 8p+8'p | Calculated | Swould | Difference | Remarks
be

2 3
10 1

1254.2 0.0
383.8 | -870.4
875.5 | -318.7
1185.4 | - 68.8
1319.4 | + 65.2
12416 | - 12,6

|
2
1
2
4
|
2
4
s
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Continuation

6'p | 4 !
P|8p+8'p| Calculated Difference Remarks

11

- 0.02

e I I P

2
4
)
2
4
H
1
2
4
5
6
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Table of Elevations and Setting of the Correction Attachments

Pair No.1844-1845; b = 70 wm; H - 2800 m; d, = 101.22; 1 - 357°20'

o

Interpol atioq
bp + 6"p | Difference | Difference Scale
between Reading
- orizantals
™ mn

Fxceas Ap &d 8"p
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they are applied manually on basis of calc:lations according to

AdA
54 - _P

TA
5T = Ld
which follows from the fact that during operation of the correction attachments for

Ad and 1, the change in the abscissa takes place according to the equation

x St
Ax = —8d ¢+ y (92)
d [}

A comparison of eqs.(90) and (92) readily indicates the accuracy of eq.(91).

On the basis of the above schematic diagram, a standard form for the orienta-
tion record is shown in the Tables given below.

In this record, Columns 1, 2, 3, and 4 are filled out after the first orienta-
tion, after which corrections &'p are determined from €q.(90). This permits a sec-
ond orientation. A Table of elevations, in the form shown below, is also prepared.

Thus, the changes 6d and 51 are calculated only for certain sections, in order
‘that their differences do not exceed 5-6'; and the values are set on the scale of
‘the corrective attachments only for these sections. Intermediate sections are ob-

Ftained with the same settings, without perceptible errors in the final result. The
‘quantity 5"p is calculated by interpolation for all sections.
The precision sStereometer is used basically for weasuring horizontal and trans-

verse parallax and for measuring the angles between the initial directions.

roved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5




Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

CHAPTER X1

HOW TG MAKE THE ORIGINAL OF A MAP

The end product of the related processes of aerial photography, zeodedic sur-
veys, topographic surveys, photogrammetry, and cartographic work is a map, on which
are represented, in their proper perspective, all the vital characteristics of the
area.

There are several different methods of compiling an original map. The selec-
“tion of any one method is roverned by the technical and economic conditions at hand

and by the characteristics of the topography of the mapped area.

ing a Photomap

A photomap or mosaic is usually the basis for making a mep of flat terrain.
‘The terrain interpretation and surveying (or the stereoscopic plotting) of the re-
?lief can be performed at this stage or directly on the photomap, or on the contact
.print, and sometimes even on the mosaic itself.

The photomap mosaic, obtained tv assemblv of aerial photographs, is usually
;‘preserved as the original. The photomap is reproduced in manv copies for further

field worl, for field surveving of the terrain and also for ultimate expluoitation

i by various users. Reproduction is Jone by photographing the mosaic, while strictly
Eltﬂlerlna Lo accurate specifications as to size of the negative frame; then, the
; mosaic is printed on photographic raper. 1n the required number of copies. tor

! accurate work. the rhotographic paper 1s first wlued to a rieid aluminus base. STAT]
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If the terrain interpretatwn and relief surveying are done directly on the
photomap copy, the work copy of the photomap (reproduction ) with the drawn-in con-
tour lines becomes the original of the map. From this original a blueprint s pre-

It is possible to

rom the photomap, the mounted map is
washed and placed into a solution of hyposulfite for § min, and then washed again.

To prevent the India ink from washing off during the above-mentioned bleaching
Proceas of the photomap, about s1x to eight drops of formalin are added to each
small bottle of India ink.

Terrain interpretation and surveying (or the stereoplotting) of the relief on
the contact Priats, using the photomap (for flac terrain), will rajse the protlem
of transferring the layout and relief from the prints to the photomap. This prob-
lem can be solved in several ways.

In areas of bold relief, where it 18 easy to locate and transfer the different
points from a pPrint onto a photowap, the elements of the layout and the horizontals
can be defined Ly Projecting the contours of the print and the photomap. However,
1f the terrain lacks bold contrast on the prints, the relief and layout can he de-
termined with stereoscopes which permits the viewing of two images from pPrints of

 different scales, as is the case 1. the stereoscope developed by engineer Bashtan®.

The Steps of this process w1!l be descrited below. After measuring equal
&round dlstances, : , the comparalble
ding lenses are instalied
1n the Stereoscope. These are moved over the photomap until the 1hage of the con-

tours, located near tthe Principel point on the Print, coincides with the corres-

*See description of the Bashtar sterenscope. Nect. TN,

IA-RDP81-01043R00!
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ponding contours on the photomap, and the contour points on the rest of the print

are properly oriented in relation to their corresponding point. on the photomap.

Next, the print is moved along the XX axis of the instrument, using the large mirror.
The lens, through which the photomap is viewed, is moved along the ZZ axis. The
contour 1mages of the print and the photosap are thus Superimposed. After this, the
cdetailed layout and the contour lines of the print, visible as superimposed contour
lines on the photomep, are traced on the photomap itself.

It 1s of interest that, in using the Bashcan stereoscope, the transformed image
.01 the photomap is superimposed with the image of the print, which is distorted due
to the tilt ac the time of photographing. Consequently, the contours of the print
can be superposed onto the photomap only when this angle of tilt is negligible. LUn-
der adverse conditions, however, the contours are superimposed a sectior at a time.
The contours and other details in such cases are also plotted 1n by sections.

During this sectional tracing it is advisable to keep checking on proper coin-
cidence of the contour lines letween the sections.

After plotting, tke photomap 1s retouched and corrected on the Lasis of field
surveys, to confirm completeness and correctness of the contours transferred to the
pPrints.

Next a blueprint of the photomap is made which is th n submitted for reproduc-
tion processing.

To transfer contour lines and terrain interpretaiions from prints onto photo-

' maps. other instruments can Le used such as pantograph, projector. ot plotter. |{se

of these 1nstruments 1s descriled telow.

94 . Prerxn the (jr-phz_': Ma g

In mak ng maps of flat terrain. as indicated above, the usual wmethod 18 to
prepare first a photomap. However. even in the case of tlat terrain it 13 absolute-

ly necessarv to prepare the map from aerial photoeraphs . especiallv 1n renovations
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of obsolete maps or 1n using difterent aerial photographs (as in warfare).
In this case, ail eiements of the relief plan are transferred to *he basic plan,
where they are drawn 1n trom fieia data or from photointerp-statios,

or eise {rom

field or pnotomap surveys of the reiiet.

Tu transpose the contours and horizontals trom the photoprint to the base, 1i.e.
to orient the print with the base and to interpolate 1ts form to the scale of the
map, a network matching control points 1s selected on the pmutograph and on the map.
At i1east four conirol points are necessary for caiculating the rransformation. These

control points can be located with the aia of phototrrangulation or by pnotographic

traverse surveying. For revision of obsolets maps, the control points can be sub-

stituted by unchanged contour points on the map, which can be i1dentified on the pho-

tographs.

The actual transfer of the horizontals and contours from the photograph to the

map 13 accomplished by a projector or a pantograpn. The mest commonly used instru-

ment for transferring to maps is the projector which 1s able to transfer the image
of the photograpn to tne map ana climinates the common mistake of confusing the re-

11ef outlines with the contour lines. A pantograph does not transform the photo-

graph, so that aistortion occurs in the elements which transfer the reliet outlines

and contours, caused the tiit distortion of the photograph. Theretore, when using a

pantograph, the photographs are handled 1n sections of limited sS1ze so that tie mar-

ginal error will not be large with respect to the map. In this case, the tracing of

the sections 1s done after the photograph 1s reduced. with the limits ot the control

points thus representing the true area nt the ctivn on tue photograpn.

Occasionally, on field trips the only availavie instrument 1s the pantogragh.

v]e using the pantograph tne scale ratio ang orientat:on of the photograph 1s

‘achieved with two ot the control Folnts, the results beink checked with the rest of

tae controi points fof the entire print or a section ot 1t'). After superimpusing

the control points. the tracing of contours ang horizontals 1s done. The pantograph
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Goes not permit simultaneous observation of aii tne controi puints (and contouis) of

. the print ana map, which lowers the ac ‘uracy ot establiishing the proper scale ana

orientation of the print, anu thus ivwers the final quality ot the map.

*9c. Leveioping the Graphic Flan ot Areas with Bold Relsef

For areas with bola reiiet, fo: cases in which superposition of control points

of the relief 1s used, the number of sections resulting trom the large number of
such controt points, makes sectional transformation an impractical prczess so that
no photomaps are mace. In such cases, a graphic plan (map composite) 1s preparead
from aerial photograpns, on whicn contours and horizontals are plotted.

A composite graphic plan from photographs can be prepared by using different
prints (projector) or by constructing a topographic model of the area with the aig
©f a stereo pair and the stereoscopic plotter designed by Konshin, known as the mul-
tiplex. Measurements are taken from che model upon 1i1ts completion.

« Both ot these variants are based on tne conaitions uncer which the pnotograpn-
:ng of the area was performed. with a singie photograpn or by an overlapping pair of
aerial photograpns.

Assume that, at the instant of photographing, the optical axis of the aerial
Camera was at “an exactly verticai kosition, put that ctne surface of the area was at
an angle aiftering considerably trom tne horizontal plane. Then, according to the
rules of poljconic gprujectiun. the image oif any pownt on the surface being photo-
graphed wiil be deviate, from the orthographic projection ot the same point. As 1
known, the cxtent ot suck d:screpancy 1s cailec reliet aistortion. which changes
with tne initia. h ihe uriginai horizontai piane
passes through the point on the surtace being vhotographed, the orthographic grojec-
Tion of this point will coircice wi . 1ts location 1n the area ana the reliet dis.
tortion 1s e1i1minatec ftrom the photegrapn.  Lue to the fact that. during the cisgflac-

ment of Lhe imitial horizontai plane. a cnange 1n the cistance betweer 1t ana tae
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Ccenter of projection teskes vlace, tne point on the Kround can be made to coincide
with 1ts orthographic projection by changing the ajtitude of the aircraft or ccher-
wise changing the scaje of the photograps. Consequently, it can be assumed that aii
points on the surface, iocated in tue same horizontai plane, will be reproduced on
the photograph at a scale which 1s cetermined Ly the focal length of tLhe camera and
the a-stance from the center of projection to the known hc -izontal plane. Thus, the
aerial photograph of a Plane area will have a variable scale, whose value will

change witn any change i1n the elevation of the terrain according to the reiation:

L (93)
m

where _L 1s the scale of photography for 1 certain point of the photograph, which
is the image of this pPoint on the ground, at an altitude n relative to the 1nitial
hhorizontal plane. Because of Lthais, 1n preparing a Kraphic plan from such photo-
graphs, the variation of the scale within the photograph must be taken i1nto consider-
ation, and the Proger scale ratio must be calcutatea for each cross section, in ac-
cordance with the scale of the map. It the scale o1 the composite map 1s denoted by
1:M and 1 f k denotes the scaie ratio of map to photograph, the value of k wili

differ for each section and can be determined from the equation:

In practical application, changing the value of k tor €ach sectionh becomes a
*#:C1uus problem, so that this s generasly not done tor €ach 1ndiviaual section but
oniy tor each area section, and uncGer conditions where the difference between poly-
conic and orthogonal projection does not exceea the specified accuracy jimits of
the map. For example. :1f the vajue k; 1s usea for I reparing a graghic plan by sec-
tions, hnvnng the elevations hl and h:, then the errors to wve €xpectead are aeter-

®inea from the eguation
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Error on the map;
a section, being transferred tc the mag;
error produced by using the coefficient k| i1nstead of ko 1n preparing the
graphic map.
It the permissible error Al 1s 0.5 mm, the segment ! is equal to SO mm, the

acale for the graphic plan is 1:100,000, anc fi, = 70 mm, then

0.5 70 x 100
Ak = —— 2 _— - hy ¢ —/—
50 100

Therefore, within the limits of 70 m 1t 1s permissibie to use the constant value of
k. Thus, when warking contour iines of 70 m interval on the photogragh, 1t 1s per-
m1ssible to transpose directly from the photograph onto the map ail contours and
horizontals iying within the boundary of one section, which 1s definea by a constart
reduction factor. For contours lyinz within the Limits of another section, the re-
duction factor sust be changed 1n accordance with the above equation. Such a change
in the reduction factor and, conseguentiy, the preparation of the map, 1s feasible
by using various instruments. In actual practice. however, a strictiy vertaicai
posi1tion of the optical axis of the camera 1s never encountered. so that the aeriai
photograph 1s usualiv taken at a tailt. In such cases, i1n aadition to changing the
scaie of the print to compensate tor the slope of the terrain. further adjustment
in values 1s required to compensate for the angle of tiit, Therefore. i1n preparing
a graphic map, not only the reauction tactor has to be changea for the various sec-
tions of the photogranh, but the rhotograph must aiso pe transformec. The instru-

ments used 1n mabing the graphic map amust be capabie of solving both _roblems.
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light source 2. By

from the horizontal track 4 whaich,

-
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Fig. 175 -

moving the

moving the vertical shatt of

camera has three angular motions:

plane perpendicular tc

The camera 18 rotated through the angle T,
gle v by turning the screw

The size of the Drojector camera 1s « =
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Craphic Map with the Aig ot a Projector

The main parts of the projector

means of a special mount:ing bracker 3,

horizontas track { along the vertical track S ang.

(or Transftorming Frinter)

{F1g. 175) are the camera 1 ana the attachea
the camera 1s suspenced

10 turn, 1s mounted to the vertical track S. The

camera, together with the laght
Source and the horizontal track,
can be shifted vertically over the

screw 6. The vertical tracks are

mounted to the base 7 which has
three Leveling screws.

The camera has iinear motion
along the X, Y, and Z axes of the

instrument. The motion along the

X axis 1s accomplished by the
bracket 3, along the horizontai

track % over the screw 8. Motion

ulong the Y axis 1s achieved by
moving the horizontal pivot shaft 9
in 1ts sleeve by means of the screw

b -

v

10. Motion along the 2 sx1s

Projector tor large ranges, 1s effected by

tor smail ranges, by

the Lracket 11 with the screw oo - 1’ The

the motion Iy 10 the XZ plane; the motion » in a

1t; and the motion A In a rotary plane about its own axis.

by turning the screw 14, through the an-
aig through the angle by turning tne screw iS5
£ cm.

The focal iength ot the .camera 1s

33¢
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52.2 mm. The tccal length can be adjusteq for obtaining a sharpiy defined 1mage

when 1ts scale 1s changed. This is done by screwing the lens 1n ur out over the ad-
.

Jjusting ring lA,

Making the graphic plan by sections has its peculiarities which are commonly
diviaed into the foliowing processes: a) preparation of the pnotographs ana making
negatives ot them, o) transformztion of the photougraph and sectional plotting of
contours and horizontals, c) fitting 1n the contours and horizontals.

The preparation of the photographs consists in selecting the sections for
transformation, making correctinns ot the relief in rclation to the transformation
points on the base, bleaching out the image on the drawings, anJ preparing the nega-
tives for the projector.

The photographic image is bleached out to make tie maps readablie as to drawn-in
detail. Without bleaching, details of the terrain features (woods, roaas, etc.) are
lost in the unaerexposed and snaded portions of the photograph. The bleaching of
photographs 1s accomplished i1n the sime manner as in the case of photomaps.

The negatives of the bieached prints are procuced by photographiny them with
the same projector as used for preparing the map. At th:s tioe, the print is re-
duced 1n size to the size of the projector plate holder.

In processing the negative, the aeraal photograph 1s so placed on the screen
that 1ts naair point coincides on the screen with the projection center of the con-
tact frame ot the projector camcra. The frame i1tself must be horizontal at thas

time.

In selecting the sections f{or transtormation. the interval between the sectilons
1s caicutatea from the height h' (F1g. 74 which vieidea the maximun Limit b of

resiaduai dispiacement of reiiet on the scaie of the plan. In accordance with eys.

(1Y ana 123}, the value ot h' 1s determinea from the eguation

ot the working sur-
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tace of the photograph, 1.e., tu the transformaticn point at the scaje of the map :

A
b

limits are usually permissible to 0.4 mm.

Laving determinea the interval h', the bLoundaries of the sectluns are determined
and markec on the [rint, tracing the norizontals ana defining the eievation ot the
mean planes T, of the sections (Fig. 74).

The corrections for relief are calculated from eq.(25) and are applied to the
positions of the points on the base. The new position of the points i1s marked with
a sharp pencil, but without pricking. Corrections less than 0.5 mm are not made,
but the:rr direction 1s markea by an arrow, next to which the vaiue tor the correc-
tion 1is entered. Luring the transtformation, they estimatea by eye measure. Correc-
tions for relief are applied to the position of transformation soants only for the
initial section, for the elevation difference of these points with respect to the
mean plane T  of this initial section.

For projection, the negatives are placed 1nto the pProjector, and the principal
point (nadir poaint) of the pPrint is alignea with thae principal point of the projec-
tor camera, which 1s aetermined by observation on the screen. The print 1s then
transformed from the transformation peints of the base oniy for the mean plane T  of
the 1nitial section. After transformation in acco nce with the projected 1nage,
the base composite is left on the plane table and the contour lines and horizontals
are drawn 1n pencil within the boundary limits of this initial sectiun.

For transferring the contours ana horizonta!s to another adjacent section (as
well as to all tollowing zones), the scale of the image 1s variec. without changing
the tilt ot the photograph. (m passing from sne section ta the other. the scale 1s
changed LY varving the height ot the projector above the plane tablie bv the Jquantity

BZ, which 1s determinea by the equation
(98)

where £ denotes the height of the projector above the screen during the transforma-

tion ot the print to the mean piane of the tirst section: h' 1s the hexght drtference
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in passing {rom one section to the other: ' 1s the heignt of the camera station
above the mean plane ot the first section.

The change 1n scaie, when going from one section to the next, can be controlied
by the aistance between two aistanc points on the print (e.g., transformation points)
This distance 1s plotted on paper (or steacil) and the corrections for relief are
constructea for i1ts ena points when pPassing trom the mean plane T, o1 the imitial
section to the mean plane T of all other sections of the photograph. For example,
let h' - 30 m, tne neight ot the initaal pilane for the second section T, = 200 m,
and the heignt of the mean plane of the first, third, ana fourth section be
Tl = 170 m, Ty = 230 m, T4 : 20 m. Then the correction tor reli1et variation for
the two transformation points X),Xxo having the eievation hy = 180 m and ho = 230 m
are calculated trom their eievation airtferences.

For tne i1nitial section h®; = -20 m; h®~ - +30
For the first section h'y = «10

For tne third section hl"'= -80 m;

For the fourth section hy"'" -80 m;

These corrections for the points x| and x- are laid off on a strip of paper;

when adjusted to the scale for the first Section. the i1mages of the points x) and xo

of the photograph must coincide with their location on the paper. adjusted atter the
corrections for eievation di Jference hy = *10 m and hb - *A0 m: for the third zone
from points displaced by the elevation distance of ay's -%0 m, hy'- )} etc. have
been made. After adjusting the scaie for each successive sectlon, the contours ana
horizontals are transferrea from the photograpn to the map witnin the bounuarsy
limits ot eacn separate section isee Fig. ~1). Frior to this. the tracing tabie 1s
ofienied by points anu contours ot the 1mage for each of the sections {except for
the initial zone). The need for such orientation arises lrom the fact that. in
changing the height o! tne projector. the i1mage points are aisglaceu 1n Froportion

to their cistances trom the perpendcicular te the base pi1ane. rntersecting the jens
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center of the projector. OUn tilting tne projector the nadir point 1s displaceu fron
this vertical so that, bLesides a change 1n the scate, there wiil be a keneral shift
ot the i1mage cn the tracing table. Pecause of this, after changing the scale, the
tracing tabie 1s moved to realign the projected 1image ot tie nadir point with 1ts
position marked on the table, and the table 1s rotated in such a way that the radials
from the nadir point to the controi points (transformation) coincioe with those of
the image.

Luring tne transformation of the photograpn by means ot the projector, 1t must
be borme :n mind that the projector has no devices for maintaining the conditicas of
correct transformation, anc that a strictly accurate transformation is possible only
1f the projector 1s used as transforming printer of category T.

In processing photographs with poor similarity of the elements of interior
orientation, certain distortions in the lmage will result, which o not become evi-
dent at low angles of tilt, such as 1°5'. However, at high angles of tilt, the
points on the tracing table wili not coincide with those ot Lhe 1mage so that a
graphic map with this type photographs must be prepared unaer i1aentical conditions
on a transforming printer. In manv cases it becomes advisabie to first transform
the photographs with jarge angle of tilt and then o process them with a projector

by the above aescribed methoa.

After completing the transfer of the Sltuation and relief trom the photograph

to the map, the transferred elements are recordeu anc the accuracv and compieteness
of transfer 1s checked against the photographs. 1n adaivtion, the margins andg kilo-
meter grid of the trapezoid are checkea. For tinai reproduction. a vlueprint 1s
mace ot the corrected pivtting board.

It 1s recommenaea to prapars the map at a scare siightiy ilarger than that of

the final map. at a coefficirent of enlargement of 1. 2-1.7 o ievel out the errors

of coruputation and drafting Guring subseguent reduction ot scale.
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97. Making a Grapnic Flan with a Stereoscoprc Plotter
———=— " FPAIC " 3n with a Stereoscopic Plotter

The stereoscopic plotcer, 1.lustrated 1in Fig. 176, 1s actually a stereoscope
permitting a simultaneous viewing of the stereo model and the plane table. The
stereoscope 1s located underneath tie plctter itself. which allows the tracirg of

the graphic plan simultaneously with the stereoscopic plotting ot the relief.

Fig. 176 - Stereoscopic Plotter

To the base 1 of the instrument the vertical tracks 2 are mounted, along whach
the carrier 4 .s aisplaced by turning the hand wheeli 2. The carrier contains the
photograph holcers 5 as well as the optical system of tne 1nstrument.

The opticai svstem (Fig. i°¢ and 177 consists ol a4 mIFror b oand cubes “. tacn
of these cubes is made up of ten prisms, ¢ G togetherl aiung tine diagonal plene.
Haif of tuis aiagonal plane i1s siiverea and thus Simuitanecusiy permats passage of
Light beams coming from the points on the plane tabie. and reflection of light beams
coming from the photograph, to reacn the cye ot the ohserver. Lue to this. the ob-

server sees both photoxrapn ana plan at the Same 1nstant.

335
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The cubes 7 ana the right mirror are rigidly attached to the housing 4. The
left marror 8 and the left print holder are attachea to a secondary carrier moved b
the screw 9 alouyg the main carrier parallel to the eye base. This shifts the ieft
mirror along its own parallet plane, together with the print, producing an elonga-
tion of the light beam and a reduction of the field of view of the image. This com-
pensates for the scale difference, dve to photographing at various altitudes.

Any print placed in the instrument can be aljusted 1n any direction to orient

it 1n space (external orientation), i.e., by rotating it through the angle le by

means of the screw 10, about the hori-

L)
~ zontal axis perpendicular to the eye
5 base. [he rotation s takes place about
— —t
the axis perpendicular to the axis of
7 / AN

Fotation z,, and is accomplished by
x
4 -; %

PRINT screw 11. The rotation of the print in

5 1ts own plane, about an axis perpen-
PLOTTING BOARD

dicular to the axes of rotation a, and
Fig. 177 - Schematic Diagram of the v 18 accomplished over the screw 12.
Stereoscopic Plotter
The displacement of the print in its
plane along the xx axis (for a horizontal print, parallel to the eye base) is acco
plished by the screw 13, and along the yy axis by the screw 14. The extent of all
of these displacements is resisterea on the corresponding instrument scales.

The displacement of the carrier 4, which moves the optical systeam and prants

along the tracks 2, relative to the plotting board % produces a noticeable change

1n scale on the plotting boara. thus providing a means of adjusting the viewed im-

age ot the print to the same scale as that on the plotting board. In addition,
this motion permits measuring the stereo model by means of 1ntersecting i1ts surface
at the plane at various elevations. A diai tndicator 1s provided tor measuring

this motion along the verticai track. The viewing 1s done through a set of bimoc-

ulars 1€, fitted on top of the instrument which also provides a comfortable viewming

STAT]
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be seen higher than the level of tne plotting board, while point d will be lower

than this plane (or the contour 1mages of the rignt and left print of this point

w1ll appear separated).

While 1n position I ali{ the points plotted on the photographs, such as contour

lines ana horizontals lyirg 1n the intersection plane with the plotting board, i.e.,
coinciding with this board, plote-
ing board. These will be points
on the stereo model ilocateu in the
same horizontal plane at equal
elevations. For transferring the
contours and horizontals located
at aifferent elevations, e.g.,
points k, m, n the elevation of
the carrier 4 is changed until

these points cc: .cide in elevation

-y k
z,’d'W 4 with the plane of the Flotting

.

board (position II, points k', a'

Fig. 172 . Measuring the Model with the

n'), a method suitable for stereo-
Stereoscopic Plotter

scopy. Having achievea coinci-
Gence, tae contours and horizontals for this new elevation of the stere: model are
Flotted and transferrea to the plotting boara.

l'bwever, if an establishing each position ot the stereo model, only those

points are transferrea which lie strictiy an tne plane .. the piotting boarc. an ex-
cessive number of adjustments woula be re juirea tor completing the entire muaeli.
This would render the process very complex. Consecuently, transter of points 1s
made not only for the points on the stereo model that intersect geometricaliy wath
the plane of the plotting board but aiso for points lying 1n the vicinity of tne

plotting voara and having smali values ot h. above the ievei of tne boara waich
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limits the numper of total points. These abritrary points are selected 1n such a
way that their error woula not exceea the specified Limat of map accuracy. In this
way, for ecach position of the stereo moael (I, II, etc.) the approximate height in-
terval 2h is transferred to the plotting board (Fig. 178), which glves an approximate
Strip of the stereo modei. Since transition from one elevation to another 1s very
simple with this instrument, caution must be 2xercised not to enlarge the height in-
terval 2h ana thus to antroduce excessive errors. By keeping the heaght 1ntervaj
smaller than permitted, the accuracy of the over-al} #lan 1s increaseq.

If the reli=f 1s crawn 1n directly by means of the stereoscopic plotter, wnile
only the results of photograpnic interpretation are entered on the prints, then the
moael can be developed under Lhe assumption that the positions of the tracings on
the plotting board would correspond to those of the hor: zontals. Then the lines,
denoting the points of the model which coincide exactly with the plane of the plote-
ing board can be consideredq the contours, which will be arawn into the map. Simul-
taneously, the outlines lying wathin the acceptable limits of the contours are also
darawn an.

The required elevation of the sectional area, in gradvations of the vertical
circle 2, can be determinec from the elevation refterence points. Let us assume that
the geodetic elevation of the points a and h (Fi1g.178) 1s known. After superimpos-
ing point a ot the stereo moael on the piane of the plotting board (position I), the
elevation of tne moae¢l 1s recorued with respect to its height 1n tne 1nstrument, as
shown by the graduated scale of the verticaj circle ° (Fag. 17¢). Foint k 1s then
superimposed on the plottang board. ana 4 second recordine 1s mage ot the new reaa-
ing on the scale. Lividing the a1 fterence between the two 4=0detic cievailions by
the difference between the two scale readings, the vajue Per aial graduation for the
elevations o1l the stereo model at the specifiea scale 1s obtainea. Rnowing the
reaaings of the ci1al for each of the two correspondiug points of known Kecdetic ele-

vation. 8s the value per scaje &racuation. the diaj readings corresponding

CIA-RDP8
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to the sectional contours can be obtained by 1aterpolation (ana extrapolation).

Aiter completion of the plan, the pin pricks are all connected by lines to form
contours and horizontals of the sections ot the stereo pairs. The sectional lines
are also interconnected, as are the stereo pair lines. The work is thoroughiy

checked for completeness and correctness of the arawing.
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CHAPTER XII
CONSTRUCTION CF 4 THREE- CIMENSIONAL MOLCEL

98. Tue Louble Projector

In aerial stereophotogrammetric surveying, the double projection method is 1n
widespread use. This method wupiicates the conditions pPrevailing while the aerial
Camera work was being conducted. The double Projector consisrs of a rigid base ]
(Fig. 179), two projection cameras 2, and a screen 3. Two adjacent aerial negatives
(or glasa-plate copies of the negatives) are placed in the Projection cameras. The
distance along a perpendicujar dropped from the center (rear noaal point) of the
Projzctor lens to the plane of the pPositioned negative must be egual to the tocal
length of tne aerial survey camera; the principal point of each photograph should
coincide with the foot of this perpendicul ar. Negative 1liuminators are Placed
above the projection cameras. Tais permits a photographic lmage to be obtained on
the screen. The screen becomes the plane of the terrain anc can be brought nearer
to thre Projection cameras or movea farther away from them. Each brojection camera
€an move, relative to tne fixed Screen. atlong thr.e nutually perpendicular axes. two
of which are varallel to the plane of the screcn. whiie the tiaru 1s perpendicu; ar
to the plane ¢t tne SCreen In agcitiong ©ach projection camera can Le 1nciiney
along two axes. ang LRe negatives, mounteg 1n the cameras. can be rotated in their
pianes.

Thus. the negative in caci: Prejection camera can be adjusted reiative Lo the

plane of the screen in accoruance with six ejeme=nts «t exterior orientation, X\, Y .

Ui

5
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v, and (.

Grouna Moael and 1ts Scale

If two ad)icent negatives are set 1n the projection chambers of a double pro-

Jector, 1illuminatea with a light source and are given, reiative to the screen, the

-

Fiz 177 . Schematic liagram of a Louble Frorector

same poS1t10n 1R Space whiddh they occupred relative to the levei surface of the
grouna at the i1nstant of exposure, the projecting rays. passing through the projec-
tor lenses will travel in the same direction as when the photographs were made. in
a gaven case. tne process wiii pe the reverse of the aerial photog-aphic process.

tormeriv. the projecting ravs traveled from points on the ground to the photograghs.
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whereas now they are directed away from the points on the photograph. It 1is obvious
that tne rays, proceeding from 1dentical points on the twu photographs, will 1n thexr
course, intersect at points colncicing with points on the ground. The combination of
all of thne points of intersection of i1dentical rays forms a surface similar to the
grounu, which s callea the ground
moael. Measurements on the ground

modei can, therefore, replace the

corresponding measurements 1n the
field. Since “he construction of
each point of thc ground model

occurs as the result of the inter-

section of two projecting rays
emanating from centers of projec-

tion, thas construction can be

considered as the i1ntersection
from the ends of the photographic
Fig. 120 . scale of the Model

base, which is the distance between
the two centers of projection.

The constructed modei mi1ght nave the same dimensions as the area photoegraphed;
but the practical reaiization of such a construction 1s 1mpossible by virtue of the
fact that at the instant of exposure of the aerial pnotograph, the aistances from
the first center of projection tu the second center ot pfojection are equal to sev-
eral kilometers. For this reason. tne size of tne tase (projection base' on tne
duubie projector wii: e cunsideranly Less tnan on Lhe aerial photograpn 1tsetf.
However, regardless of tnis reduction of the photographi: base. Lhe projecting rays,
pPreserving their former cirections, will intersect. In reaiaty. 1f the projectio,

base B - £,S. (hig. 180) s equal to the photographic base. the projecting ravs,

emanating from the corresponding points  a;  ard  a. c; . 9] and  aa
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the two puotographs, wiil intersect at tne points A, C, and [, of che modei. (n re-
ducing the projection base, when th= seconc center of projection is located at the
S5, position, the intersection of the prujecting rays will give the points A)Cy, and
Dy of the moael. From tne similarity of the triangles 5155A ana £155A,, $38,C and

)_Sécl. 1t foliows that

355, 8 RS Sa A ) 5,C,

5,5, : s.C S.A S,C

and, accordingly. tne triangles S1A1Cy anu $)AC, as well as S5A1C} and S,AC will

also be similar. Hence,

MG
AC

Since the ratio of the and AC represents the scale of the area

1D question, then

A
AC

It 18 obvious from eq. (99) that the scale aepends only on the ratio of the projec-
tion base to the photographic base and 13 a constant quantity for any distances
‘measured on the surface of the model. Hence. the ratio ot the projection base tc

the photograpaic base 1s called "he scale of the moaei .

100. Yeasurement of the Model

A model constructec on a aoubie projector can be measurea. This weasurement
1S made with the aic of a screen. shifted in the direction of the projecting lenses
=hile maintaining a mutuaiiv paralle]l position. Watn the apparatus 1n a verticai
<position. the screen 1s horizontal and 1s moved in eievation for each measurement of

tue model.
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I

If the screen is iocated below the point A of intersection of the projecting
lys SJ‘l and Sqap (Fig. 181), two images A ana Ag of identical points in the two
btographs are obtained on the screen. Thas indicates that the point of the model
8 not lie in the plane of the screen. Conversely, the preserce on the screen of a
le.iuge C of the corresponging poiats c) and c» 1n the two photographs permits
ing that the intersection of the Projecting rays coincices with the plane ot the
screen. Therefore, the screen of the

double projector can be regarded as a

plane cutting the ground model at those

points which give a single image; a curve
connecting all points which show up as a
single image will be a cuntour line of
the corresponding section.

To obtain the plane of another sec-
tion, the screen must be moved up or

down, e.g., to the position E'. Then the

Projecting rays Sl'l anJd Sza? will show
Fig. 181 - Measurement of the Model b 4% & sangle mage in the plane of the
screen while the rays S)c; and Socq will
two 1mages since the point A of the model now coincides with the plane of the
@, instead of point C of the model. as 1in tne first position. Hence. the amount
ich the screen was displaced vertically is thus equal to the elevation differ-
of point A above puint (, expressed in the scaie of tne construct~d model. This
ical interval 1s measurea with the help of a scale which registers the vertical
ent of the screen. [t 1s thus possible to move the screen up or down uy the
jitude of the section ot the horizontal base and, by marking on the screen the

ioa of all nomcoinciaent pol1nts, to draw tnhe contour Line cf the corresponding

hon. * It a1s quite obvious that the distance between corresgoncing points on the

343
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screen correspcads to the hori1zontai parallax di1fference on the photographs.

. In dupiicate projectors, the construction of the contour plan proceeds simulta-
neously with the Plotting of the reljef. Since orthographic projection is used 1in
constructing the ground pian, and since polyconic and orthographac Projections of

.
any point are mutually coincicent jn ~cases 1n which Lhe selectea horizontal plane

passes through this point, the
principle just described 1s usea
1n constructing a map on duplicate
Projecturs. lience, if a single
1mage of the corresponding points
of two bhotographs is obtained on
the screen ot the duplicate pro-
Jector, then, hy warking i1ts posa-
tion on the screen the map posi-

Fig. 102 . Tracing Vable for the tion of the corresponding terrain

Cuplicate Trojector
point can be constructed. In thaxs
aner, the screen ;s markea with the plan position of contours situated close to
the norizontal plane ot the section occupied by the screen during the work.
Instead of moving the screen verticaily ama tracing the contour iines and

Tain features on it bv hana with a pencii, the special stand, shown in Fig. 182

ed.

To the horseshoe-shaped base | are fastened two stanaards 2, aiong which a
all circular screen €an ve moveud with the help of a screw 2 The center ot the
aill screen 1< Fr2¥132G wiih a point aperture 4. iliuminated from below by a smal}

b; On the pPerpenaicul ar dropped trom the FO1nt aperture to the base of the stand,
Pencal € ;4 instalied, whicn ;s raised 7r lowered to ®meke contact with the paper
loz the stanu. The tracing tabie 1s mounteg to the plotting woard on the screen

i STAT]
f the duplicate projector. The Projected images ot Corresponacng points of the two

ige.
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photographs show cn the tracing tabje screen where they are viewed by the observer.
Foints of the model coinciding 1n elevation with the plane of the small screen are
Successively superimposed on the marker iight spot and the trace obtained during this
displacement of the Stand 18 drawn by the pencii on the plotting board. Thys trace
will be horizontal to the corresponding section. In changing the elevation of the
sSmall screen (by turning the Screw 3), the other points of the model willi be super-
imposed on the plane of tne sScreen, permitting the horizontal of another section to
be drawn. The amount of vertical Grsplacement of the 3creen 1s read on the scaie 1n
millimeters; this Juantity 1s converted to meters by multiplying it by the denowina-

tor of the scale of the model .

If various points of this contour have
different elevations, the elevation of the screen must be changea in drawing the
contours. This wi}l}] €8use the tracing pencil of the stana to plot an orthographic
Projection of the 81ven contour.

Thus, to measure & cunstructecd mpael a tracing stand 1s used whose iight spot
;ene- as a reference mark whose motion 1s matched by the Pencil. The mode} is
measurea by making the l1ght spot coipcide with the ground forms whije continually
ivaryx'ng the elevation of ¢t e screen. (Contour lines are traced by continuous match-
ing of the light Spot with points on ghe lmage whach do not diverge, keeping the toup

of the tracing stand at a constant slevation.

101. Study of the Model

points and to draw contour iLines. accyrate fecoraing ot the changes 1n elevation of

the top of the tracing stang 1s required. For €Xampie a change 1n elevating of the

IA-RDP81-01043R00!
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pornts equal to 1 m, at a mocel scale of }: 10,660 1s expressed as 0.1 mm which, at
an angle of intersection of 45°, corresponds to a division of 0.1 mm for the images
of corresponaing points. hence, separation of images on the top of the tracing
“tana must be established with a high aegree of accuracy.

Various methods of observation are used to 1ncrease the accuracy of measurements
cr duplicate projectors. The most common of these methods 1s the anaglyphic method,
basea on the property of complementary colors to givs off white light when combined.
Blue-green ana red are used when working with this apparatus.

If a red filter is placed over the lens of the left camera of the duplicate
projector, the image projected will also be red. An observer viewing this image
through a red glass will perceive the entire image. At tne same time, if the ob-
server views the image through a blue-green glass, he wali not perceive the image
since the blue-gre~n glass wiil not transmit red rays. Similarly, a blue-green im-
age projected onto the screen by a biue-green filter can be seen through blue-green
glass, but not through a red 8lass. If two filters, red on the ieft ana biue-green
on the right Lens. are used at the same time ana the images are viewea through a red
glass over the left eye and a blue-green glass over the right eye, each eye will
perceive oniy one iwmage. Correspondingly, the viewing conditions wili be like those
encountered 1n a sterecscope, witn the observer perceiving a three-dimensional image
of the area photographed. This spatiai model will be cut by the plane of thae screen,
pPermitting a considerably more accurate determination of the moment of coincidence
of the piane ~_ the screen with points on the wmodei.

The prancijie of thne anagiyphic method of ouservation has been wide!y used 1in
creating special anaglvpnic charts ana arawings. In the case in Juestion. a sheet
of paper 1s placed on the plane of the screen. The paper carries an image printeu
in red. corresponding to one projectisn camera. while the sccond image 1s printed 1n
green. Since the points of the model located higher or Lower than the plane ot the

screen have aiffering valucs of sSeparation (horizontai parallax avfferential), aiy
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STAT]



R T .

- 000030008-5
Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001

Points on one contour line are glven a single Separation value j3n preparing the
.anaglyphic charts (uniform horizontay

Thus the 1mage printed in green
w1il match the red image ©only along one contour line and wijj not coincide along
other contour lines, bLut wij] aiffer by varying quantities. JIp viewing such a chart
through zlasses with one green and one red lens,

When both eyes
are used at the same time, the two lmages resolve into one 8patial prciure and the
observer sees a relief image of the corresponding portion of the chart.

The aifference between perception of the images printed on Paper in two colors
and those Projected through fifters Onto the screen consists in the fact taat through
the red lens, in the former Case, the observer sees the green image and in the latter
case he sees the red image. This d fference is due to the fact that the red filter
Passes oniy the red rays of the Spectrum, which are transmitted further by the red
lens of the 8lasses but not by the green lens. In the former case, the red dye with

which the image 13 printed on the Paper absorbs (not reflects, as in the second case)

one for each Proj=ction camera.

:oqle-ent.lry colors. [n viewming with both ¢yes through the glasses, tae observer

B€€s a sterevscopic @model of the terrain. cut at various points by the plane of the
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sScreen as he elevation of this screen 1s varied. The path cut by the screen through

a section of tme modei 1s a contour iine of the corresponuing section.

102. Belative Grientation of the Photographs

The area model constructed on the aupiicate pProjector comprises a unit with two
projection cameras ana does not depend on the rosition of the instrument screen.
Heace, 1f the two Projection cameras are shittedq simultaneously ana lLineariy along
the three axes of the space coordinate, or are rotated together about the same axes,

the position of the model relative

to the plane of the screen wall

&y
’_/ change while the intersection of

50 the corresponding Projecting rays
wili be retained. Thus, a simul-
taneous change 1n the eiements of

€xterior orientation of the two

camcras changes oniy the position

of the model refative to the

/ screen, while the model itself re-

Ay

®ains unchamged. The situation 1s
different i1n the case when one of
Fig. 183 . Intersection of Projecting Pavs
the projection cameras retains its
elements of €XLErior orientation while these elements are changea for the other
camcra. Thus. e.g. . ;f only the right camera 1s fotatea about the pase line, the

-

projecting rawv t-a- (Fag. i€3) wiill not i1e 1n a piane with the ray S}'l' (onse-
quently, these rays fai: to Antersect. in which case, as we know, no modei of the
terrain can be obtained. This statement appiies to other displ acements of only one
of the cameras (3nrdependent of the other). except when a -ABEra i1s movea aiong the

base Line. in which case oniv the scale uf the model chenges.

5
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It 1s clear trom the foregoing that an area model is constructeu only when the

projection cameras. relative to each other, occupy the same position as at the in-

stant of exposure, 1.e., when their relative position 1s maintained. Any disturbance
in the relative position of the two cameras results in failure of the corresgonding
projecting rays to intersect, so that nu moaei ot the terrain 1s proauced.

The relative position of the two photographs 18 determined by the clements of

reiative orientation, which can be represented by various methods. If we imagine

that the plane passing througn the
base line and the optical ax.s of
the left photograph (the so-caiied

principai base plane of the left

photographs) is vertical and coin-
cident with the XZ plane of the
system of space coordinates, while
the base line 1s horizontal, then
the eiements of relative orienta-
tion are determinea by the quant-

Fig. 184 - Elements of Relative Orientation rcies 9, 9'e, X, and ¥ '(Fig. 148) . Here

© demotes the angle formed in the principal base piane of the left photograph by the

direction of the optical axis with the base line; o' 1s the angle formed 1n the

principal base plane of the right photograph by the directicn of the optical axis

with the base line; ¢ 1s the angle between the principal base planes of the two pho-

tographs;  1s the angle fornec 1n the plane of the iett photograpn bv the trace ot

the principal vase plane and the direction taken for the xx axis of the photograph;

and x' 1s the angle formec 1n the plane of the right photograph by the trace of tae

princapal base piane and the darection tahen for the x'x’ axis of the photograph.

Thus, the eiements of retutive orientation constitute five guantities, since

any rotationr. tilt, or linear shift of the base 11ne w1ii not distrub the i1ntersec-
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tion of the corresponding ravs; at the same time, any change 1n tLhe efements of ra=i-
ative orientation resuits in failure of the projecting rays to intersect. Actuaily,
1f a plane (cailed tne base plane) i1s drawm through any point of the model ana any
base Line, then any change in the eiements of relative orientation will cause the
corresponding projecting rays to be located in different base planes that do not
coincirde. The angle formed by the two base planes containing the projecting rays
from the corresponding points of the two photographs is called the angular paraliax.
The presence of anglar parallax i1ndicates that the projecting rays from correspond-
1ng points of the two photographs do not intersect and do not form a model of ter-
rain. By setting the screen in the pPaths of the projecting rays parailel to the
base line, and by taking the trace of the base plane as the direction of the xx axis,
it is simple to note the dowbliing of projections of correspoading points in Lhe
direction of the yy ans, perpendicular to the xx axis. This doubling is the result
of angular paraliax and is known as linear or horizontal parallax, usuwalliy designated
by the tetter q. Therefore, as was shown in Section 81, the angular parallax is
equal to the difference in the ordinates of the projections of corresponding polints

of the two paotographs. i.e.,
Ty -v'

Thus, the presence of linear parallax indicates that, in the dupiicate projec-
tor, the reiative pusition of the photographs 1s inaccurately adjustea since, at
correct acjustment. there cam be no linear parailax at any poini of the moaes.

Inaccurateiy adjustea elements ot relative orientation teaa to different values
in the \-paraiiax aepending on the coorainates of the corresponding points. For ex-
smple, 1f, atter correct relative orientation. one of the photographs i1s rotatec an
1ta plane through the angle ;. the principai puint of the R1ven photograga will show
no X-parailar. in ali other points. the X-paraliax wiii be proportiona: to their

abscissas. For thas reason. it 18 possibie to formulate a mathematicai relationshap
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between the magnitude of X-paraiiax ana the elements of retat;ve orientation, whose
coefficients wiil be the current coorainates of the observed points. At low angles
of tilt of the optical axis, ana negligible rotations of tne photographs 1n their
planes, the relationsnip between the X-paraliax ana the eiements of relative oi1enta-

tion 1is expressed by*

xy

—L . XY . - (100)
f,e

where g 1s the X-parallax of any point, x, y and x' are the current coordinates of
tais point on the left and on the right bhotographs, and t and 1’ represent the

arfferences in the angles ? and ¢' from 90°, 1.e., T - 9ge _ 2 and t' = 9Q* _ ¢

103. Determining the Elements of Relative Orientation

Since the magnitudes of the X-paratlax and the current coordinates of a selec-
ted point cam be ®easured, eq.(10)) is an equation with five unknowns, which are the
elements of relative orientation. Therefare, to determine the elemants o'f relatave
orieatation, five snalogous equations must be constructed, and the sviution of the
resul tant system of €quations must be used fcr determining the vaiues of the un-
knownsz. Then. to determine the elements of relative orientation, five points within
the limits of the atereo pair are selected (s1x are generaily used to faciiitate
control ot the solution) and messured for their current coorainates and X-parailax:
the solution of this system of equations wij! vield the basic data for adjusting the
Projecting cameras of the duplicate projector.

In selecting the points whose X-paraliaxes are to be measured. three conditiouns
®ust be observed: 1' tpe Selected points must PEfmut getermination of the elements
of reiatave OFientation with the highest degree of accuracy:. 2) the equations ob-

tainec zust Le independent of each vther. 3) the equations mis. be i1n the si1mplest

_—_—
® e Jection 1M sor derivation of the equation
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possible form. Considering eq. (100) from these points of view, we can easily see

that if ©' = ., - .0 _ g

where .q 1s the error of meagsurement of the M-parallaxes, whije Ar 1s the errur of
determination of an element of relative orientation. Hence,
Aqfh:»

R (101)
xy

Equation (101) shows that. 4 constant error 1n the measurement of X-parallax
has the smallest effect on the angie T at maximum values of the ordinate and abscis-

sa of the observed point of the ieft photograph. Similarly, using successively

Consequently, at a constant error in the measurement ot the X-parallax, the
angie - ;s obtainea with the ieast error at the largesc vajue o! the ordinate ana
abscissa of tne wEbservec point i tae Tight photograph. the angie - at the ilargest
value of the ordinate of the observea goint; the angle 4 at the largeat vajue of tne
abscissa of the observed point of the left pbotograpn. and the angie %' at tne maxi-
mum value of t.;te abscissa uf the observed point of the Fi1ght photograpn. According-

Ly. to dctermane the eiements oi reiative oriertation sitn the greatest accuracy,

354
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the selected points must be jocated on the photograph in the zorcs i1indicated 1n

Fig. 185, Tms di

1bution ot the pulnis aiso satisfies the reguirement that the

egquations be incependent and that their solution he 1n the simpiest possible form.

Taking the horizontal parallax ditference
ot the points as equal to zero (cse of
flat terrain where when x' x - b) we ob-
tain the following values for the current
coordinates of the seiected points:
xl‘f)lyl:(). x} © - bi xp ° b,

vy = 0;
Fig. 185 - Cistribution of Points

for Relative Orientation

With the indicated values of the

orientation will take the form:
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Subtracting the fi1fth equation trom the third anc the sixth from the fourth wiil

yieia

lay - a6 1, (1
T Ty 04)

The aifference in the angies T 13 the difference 1n the longitudinai angles ot

tiit of the two photographs; hence,

(aq - @6 - 93 * ag)f,

. (
T oy 3 105)

To determine the other unknowns, the third and fifth equations must bhe added

ana twice the first equation subtracted from their sum. Then,

ff'vz

f

PR

x °

By analogy. aacing the fourts and the sixth eguatiuns and subtracting twice the

second egquation from their sum. we obtain

[3.‘.’2
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Taus, the angle € will be obtained twice in two indepenaent processes, consti-
tuting a check on the correctness of the measurements anc calculations made. Final-
ly, the last two elements of relative orientation are found from the first two

equations:

— (108)
b

Thus, the probiem of determining the clements of relative orientat.on consists
in measuring the X-parallax at six points arranged according to a given standard,

and 1n calculating the unknown quantities according to egs.(104) to (108).

104. Determanation of the Elements of Relative Orientation with a Stereo arator

In the solution of a number of photogrammetric problems, particularly 1n the
.orieatation of photographs on a stereometer, 1t 1s first of all neceasary to know
:the eiements of relative orientation. These gquamtities are usuaily found by soliving
the corresponding equations for the X-parallax, measured on a stereocosmparator, of a
standara array of the six points whose coordinates are shown 1n Table R,

To measure the transverse paraiiaxes, agjacent aegatives are placed on the
carriers ot the instrument, as indicated in Section 83, ana are oriented according
‘to the i1mitiai direction. Following this, the left reference mark 1s then made to
coincide with the principal point of the left photograrh. while the right photo-
sraph, bv acans aof the horizoatai parallax screw. 1is placed 1n a position ciose to

the corresponding oint of the right photograph at which. wowever. the two marks are

3=7
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1

not yet merged 1nto single floating mark. Then, viewing the photographs with both
eyes, the observer sees thai one mark 1s displaced relative to the other along the

yY axi1s, and corrects this uilsplacement by turning the transverse parallax screw.

Table 8

Coordinates of Points of the Left Photograph in the Determination
of the Elements of Relative Orientation

‘Then, by turning the horizontal parallax screw, the two marks are made to merge in-
to a single marker which is set tangent with a point of the model corresponding to
the principal point of the left photograph. When this coincidence is obtained,
readings are taken on the x, y, P, and Q scales of the instrument and are recoraed
in the corresponding recorc. In the same manner, the floating mark is made to
coinciue with a point of the model corresponding to the principal point of the
right photugraph, and readings are again taken on the scales of the instrument; the
y-scaie reading remains unchanged 1f the orientation according to the imitial
jdirection was carried out correctly.

To mstch the floating mark with the third selected point, tne x scale is set
to the reading taken when the floating mark and the 1niti1al point were aligned,
while the y scale 1s set to the former reading, increased by a constant quantaty
(K0 or 70 am). The point with which the left reterence mark coinciaes in tnis case
will be poant 3; after the fioating mark 1s matched with i1t, the readings on the
‘P and Q scales can be taken. In an analogous fashion, the fioating mark 1s made to
coincide with points 4. 5, and A of the model, for which definite positions are also

set. Thus, to match the fioating mark with point 4, the reading on scal= x 1s set

STAT]
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equal to the reading for the second point, and on scale y, a reading equal to the
reading for tne third point. Lor point S, the x-scale reading is equal to the read-
ing for the first point, whiie the y-scale reading is equal to the reading for the
first point, reduced by a constant quantity of 60 or 70 mm. For point 6, the x-scale
reading 1s equal to the reading for the second point, while the y-scale reading 1s
equal to-.the reading for the fifth point. Taking the reading Q on the scale of the
transverse paraliax screw for the first (or second) point as the initial reading,
this value 1s subtracted from all the remaining readings. This will make it possi-
ble to obtain the gquantities q for ali remaining points and to calculate the ele-
ments of relative orientation. In the calculation, the quantity b 1s taken as the
difference 1n the x-scale readings while the fluating mark 1s matched with the second
and first points, whereas the quantity y is a constant by which the readings are
changed when tne floating mark is successively matched with points 3, 4, 5, and 6.
The arrangement of the recora for calculating the elements of relative orienta-

tion has the form given in the foilowing Table.

Record for Determining the Elements of Relative Orientation

According to Measured Transverse Parallax

Pair No 1354-1356; f, = 68 min: b = 80 mm; y = 70 mm

Tramsverse Parallax
Scale i

Q
L)
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105. Belat: Cricntation on Luplicate Projectors

In contrast to the agescribed methoa, the problem of determining the elements of
relative orientation 1s solvea 1n another manner, using duplicate projectors. In
this case, 1n place ot analytical d~termination of the elements of relative orienta-
tion, direct relative orientarion ot the two photos 1s performeda. This task con-
cists 1n the elimination of transverse parallax at six selected points by varying
the spatial position of the photographs, wshich causes the projecting rays emanating
trom corresponaing points to intersect.

In using this methoa, adjescent photographs are placea 1n the projection cameras
of the instrument ana are illuminated by a light source. Examining the images pro-
Jectcd on the screen, the observer, by successive elimination of transverse parallax
at s1x selected points, effects the proper relative orientation of the photographs.

To accosplish rapic orientation, the
transverse parallax elimination is
carried out accoraing to a set pattern
(Fig. 18€). First, the transverse
parallax 1s eliminateda near the prin-
capal point of the left photograph by
rotating the right photograph in 1ts
plane through the angle ', and then

Fig. 18€ - tequence of Relative near the principal point of the right

Crientation
phetograph by rotating the left photo-
graph through the angle 3. At the third point, the transverse paraliax 1s elimi-
nated by tiltang the right photo at an angle of ', at the fiith point by rotating
the raight photograph about the base line through the anglie -, at the fourth point by
tilting the left photograph at an angle of -.

Since the transverse paraliax at this point i1s influenceu not oniy by the ele-

ments of re.ative orientation usea for its elisanation, the problem 1s solved by the

360
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method of successive approximation. After eliminating the transverse paraliax at

one of the points, the opserver .everts to ail preceding pcints, eliminating the new

transverse paraliaxes at these points. This continues until the transverse parallax
simultaneously disappears at the observed point and st all preceding points, which
makes 1t possible to pass to the observation of the next point. To speen up the

process of orientation, instead of compietely eliminating the transverse parailax at
. )
point 5, it is increased but with reversed sign, in proportion to the ratio —& 7

'.Zyz

after whict *he observer again returns to points 1 and 2.
Thus, relative orientation of the photographs consists in giving them the rei-
ative position they occupied at the instant of exposure. This relative position 1s

determined by five elements of relative orientation. Incorrect adjustment even of

one of these leads to the appearance of transverse paralliax, varying at different
points of the model, and i1ndicates that the corresponding projecting rays do not in-
‘tersect and that there is no ground model formed. The photographs are orieated rel-

ative to each nther without any geodetic control network, by eliminating the trans-

verse paraliax at five points of a stereoc parr according to a set pattern, by the

method of subsequent approximation. The resuit of this reiative orientation will be

&« ground model, arbitrarily located relative to the screen of the duplicate pro-

Jector.

106. Exterior Orientation of the Wodei

The ground model constructed is i1ocated (as shown) arbitrarily with reference

to a geodetic system of coordinates. with whose \Y plane the plane of the screen 1s

consigered to coincide. The Juantities determining the position of the model rej-

ative to this system ot coordinates .re called eiements ol exterior orientation of

the model. The elements of ‘xteriur oriemtation of the acdel comsist of the three

space cuordinates X,.Y,. Z (Fi1g. 187). tne left cemter of projection: the scale

ratio—L of the model: the angle A formed by the base planc aad XZ plane
b |
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of the system of space coordinates; the angie . between the principal base plane of

the left photograph and the vertical base plane; ana the angle of tiit v' of the in-
clination of the basc line relative to the horizontal ZY plane, measured 1in the
principal base plane of the left photograph. These seven elements ol exterior
orientation of the modei together with
the five eiements of relative orienta-
tion, comprise the tweive guantities
that determine the elements of exterior
orientation of the two photographs.

To determine the elements of ex-
terior orientation of the model, 1t 1s
first necessary to find the non-collinear
geodetic coordinates of three points on
the surface of the model; for two of the
points all three coordinates mast be
¥nown, while for the thard point 1t 1s

Elements of Exterior . .
sufficient o nave oniy the eilevationm.

urientation of the Model
The coorainates for the points are meas-
ured in the system of coordinates of the model which permits finding the eiements of

exterior orientation of the woael.

Actuaily, the mathematic relationship between the geodetic coorainates of the

three selectea points and their photograsmetric cvordinates 1s expressed by the

following equations®:

sinv deosA- Y

oh phrcu..—‘/.ahrus.' -\pniln.' 'S10G. ST A

cmt Y - 8V " - ") X N ' .
s, ’=coau Lphc"“ xph’ inv ' )sanu}cosAs () p.c»sv ’Z’.nxnv JsinA
z z

e “sy* \"’thcosv'—"‘sxn'i'?c\.s..*‘lp“sin.."

for derivation of these ~gquatioms.
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where XB' Yg' and Zg are the geodetic cocrdinates of a selected point: xph' th' th

are the photogrsmmetric coordinates of the same point. Equations (:09) show that
the unknowns are the seven elements of exterior orientation of the mode!, while all
three geodetic coordinates X, Y, and Z of one point make it possible to derive three
equations. hence, tc determine tue unknowns, seven equations must be derived, which
1s poasible if all three coordinates of two of tne points and the elevation of the
third point are known. To check tne measurements and calcualations, all three geo-
detic cocrdinates of four points of the model are usually Jdetermined. In operating
with 8 duglicate prcjector, the elements of exterior orientation of the model gen-
erally are not determined; rather the exterior orientation is performed by optico-
mechanical or graphic methods.

In the opticco-mechanical sclution of the problem the observer, as shown in Sec-
tion 100, uses a tracing table to locate the position of two model points on the
screen, which all three geodetic coordinates are nnown and, by varyinz the elevution
of the screen, determines their relative vertical intervals as well as the relative
vertical interval ot rhe third point. Then, by measuring tne distance [ between

two points on the screen and using the equation

d -7 T - an? (110)

it 1s possible to calculate tne distance between two poin.s on the surface of the
wodel, if Ah is tne relat:ve elevation of oae point over another, as measured with

tne tracing table. The expression

(I

1s used to determine the distance 1) between the same two points according to their

geodetic coordinates. s. that the scale of the model can be cbtained from

d
C
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The geodetlic elevations of all three points are then multiplied by tne scale
ratio ‘% . expressed in the scale of the model. Assuming that the geodetic eleva-
tion, at the scale of the model, of one of the points 1s equal to the measured ele-
vation cbtained ¢n the traciag stand, it is possible to obtain the geodetic eleva-
tion of the two other points relative to this initial point. Then, if the geodetic
elevations are set on the scales of tiree stands which are then placed over the
poiats on the screen, at correct exterior orientation of the modei, tie marks cn the
astands will coincide with the corresponding points of the model. At an arbitrary
position of the model relative to the plane of the screen, the marks of the three
stands will not coincide with the corresponding points of the model; to make them
coinc.de, the two prajection cameras are rotatcd together, relative to the screen,
about two mutually perpendicular axes. lnatead of turning the twc cameras relative
to the fixed screen, it is possible to match the marks of the three stands with tie
points of the model, by rotating the screen with respect to the fixed projection
cameras. After matching the marks of the three stands with the corresponding points
of the model, the resultant model is considered correctly oriented relative to the
screen plane, which makes it possible (by a method described in Section 100), to
construct the ground plan on the scule of the model. For conversion to the required
scale, the map coastructed on the duplicate prcjector is reduced rhotographically
or plotted by a pantograph. Naturally, in plotting relief, the readings on the
scales of the tracing stand are ccaverted to vertical intervals, using tne proper
scale factor.

The exterior orientation of the mcdel by the graphic method 1s also carried
out on the basis of geodetic coordinates of three points of the model. To accom-
plisn this. the pnotogrammetric coordinates of all points required for preparing
the nep are wmeasured on the model, including the three contrcl points. The posi-
tion of all selected points is noted cn a sheet of paper placed on the screen of

the instrument, and tneir height :n millimeters a1s read on tie scale of tne trac-
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ing stand. By comparing, as explained avove, the distance between the points of the

model with the corresponding ground distance, the scale ratio of the model is deter-

mined; the dencminator i1s tien used to multiply all photogrammetric elevations.

Tak -

ing one of tue control points as the datum point, i1ts elevation mark (both geodetic

and photogrammetric) is subtracted from tne marks of two other points. Then, if the

Fig.188 - Graphic Determination
of Corrections in Photogram-

metric Elevations

photogrammetric and geodetic systems of co-
ordinates are parallel, the marks for the
ccntrol points will be equal in both sys-
tems. If they are not equal, one of the
systems of coordinates must be tilted rel-
ative to the other system.

Since it 1is possible on the basis of
eq.(109) to write, with a sufficient de-
gree of accuracy:

Z,-Z,, = -X,, siav' + Y  sinu (113)

The difference in geodetic and photogrammetric marks will be directly proportional

to the angles of tilt of the mode]l and to the current conrdinates of the points of

the model. Therefore, knowing these
tum point the difference 13 equal to
differences for all remaining points

distances between the control points.

zero),

differences for two coantrol points (at the da-

it is possible to find the correspoading

of the model by linear interpolation of the

Tc this end, ctraight lines connecting the

control points are drawn on the sheet of paper on which the ;lan position of the

points of the model 1s entered. and these are linearly inusriclated proportional to

the di1fferences of the gecdetic and pnotogrammeiric marks.

Let the control point 1 (F1g.1SC) be taken as the datus point for the geodetic

and phctograsmetric marks, and let the divergence between geodetic and photogram-

wmetric marks at points Il and III be +10.7 m and +5.4 =, respectaively. By divading

the distance I-I1 1nto 10.7 parts, we obtain on the straight line I-II the position
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of the points where tne divergence between geodetic and puotogrammetric marks is I,
2, 3...m. lIa the sume manner, the distance [-TII 1s divided into 5.4 parts and each
marked point will indicate a discrepancy in multiples of one meter. If the points
marke¢ on I-1] and I-III and having identical divergences are joined by straight
lines, the eatire sheet of “aper will be divided intc zones corresponding to diver-
gences for any points on the model. Thus, e.g., for the point 3, the divergence
read on the graph 1s equal to +2.3 m, sc tuat its geodetic mark will be equal to tne
photogrammetric mark plus tie read-cff correction. This coastruction makes it pos-
sible to determine the marks of all points of the model in the geodetic system of
coordinates.

Thus, the exterior orientation of the modei consists in a determination of
seven unknown quantities which can be found on the basis of tihe geodetic coordinates
of three points of tne model, two of which have all three coordinates given while
the taird has only the elevation. All three geodetic coordinates of two points are
needed to determine the scale of the model, which is found as the relatioaship of
segments on the model surface and on the ground.

Instead of determining the elements of exterior orientation of the model, ex-
terior orientation is accomilished by tilting both projection cameras (or the
screen) until the control poiats couincide with corresponding points of the model.
The spatial position of the ccatrol points is fixed by the tracing stands adjusted
in accordance with the geodetic elevation mark of the scale of the model. After ex-
terior orientation of tue model, 1t is measured and the ground plan 1s constructed.
When densifying the topograprhic elevation control network by means of duplicate pro-
Jectors, the exterior orientation of the wmodlel 1s often replaced bv graphic applr-
cation of currections to tne reference marks of points of the medel, obtained by
linear interpolation of the differences in geodetic marks and reference marks of the

model poiats fur three control points.

IA-RDP81-01043R00!
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107. The Undistorted Mode! Metiod

Pnotogrammetric densification of tne geodetic elevation net can also be accom-
plished by the undistorted model method, propcsed by G.V.Romanovskiy and M.D.Kkonshin.
This method permits tihe determination of elevavion reference marks of pihotographed
toints by linear interpolation of the errors in vertical intervals obtained for three
points with geodetic elevation marks.

As shown in Section 76, a correction for the horizontsi parallax difference at

cnanges in the elements of exterior orientation 1s expressed Ly the relation

xy
)’7;“"1'“‘1)‘

x ( N 2e
Sp = — SH ¢+ — ) -
fh e *2

(a, -2
WP 1 x2

+ —y + —b
p - .
o (11 X2 T, 2

An error in the horizontal parallax difference leads to errors in the vertical
intervals being determined; these errors will have a non-linear relation with the
current coordinates of the observed points. This fact makes it impossible to per -
form « linear interpolation of tue variation in horizontal parallax difference or
vertical interval errors. The nonlinear character of the errors 1s due to the ef-
fect of the second and third terms of eq.(50), so that linear interpolation becomes
possible if the effect of these terms is eliminated.

The second and third terms in eq.(50) are the result of relative longitudinal
and relative lateral angles of tilt of tne photographs whick affect not only the
variation in horizontal parallax difference, but alsc the magnitude of traverse par-

allax, expressed by the equation

x
€ + — y -
> X

Ca the basis of Fi1g.139. 1t 1s possible to e~tablisn tue following relation be-

'26‘

1043R001000030008



Sanitized Copy Approved for Release 2010/10/01 : CIA-RDP81-01043R001000030008-5

tween the angles t, 7', x .

s R x, and v, where v is the angle of tilt of the base

180 - o . (18ce _ @) - e

Hence, noting that sinv

When the photographs are accurately oriented along the initial radial,

transverse parallax at the first and second points is equal to zero; hence,

these points (x) =y} = 0; x5 = +b; yz = 0)

In addition, on the basis of Fig.190, e - + (uy - wy).

Substituting all expressions obta:ned in egG. (100) and assuming that x'

we have:

(o) = wgy)

the

for

(114)

An analysis of eqs.(50) ard (114) indicates that they have much in common due

to the coincidence of several terms

1043R001000030008
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the ratio x :y. 1In this case,

(W) — wy)
A summation of eqs.(50) and (115) yields

ax y b
- 6p + 5" 5 ()u‘xz’_‘,.l wy) (116)

which corresponds to a change in the expression {-5p . Ll ), directly proportional

Yy
to the change in the coordinates of the current points. These theoretical consider-
,ations form the basis for the undistorted model method siace they lead to an ex-

preasioi. connected by a linear relation with the coordinates of the current points.

gz

Relation of Longitudinal Angles : . Rel ation of Longi-

of Tilt and Difference in Flaght tudinal Angles of
Altitude Tile

For this reason, if, at certain Points on a sterec pair the horizontal paral-

lax difference A'p and the transverse parallax are measured and if the latter, wmul-

tiplied by the coefficient x : v in the case of transveree parallax, is subtracted

369
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l

from the former, then the resultant expression will have only linear distortions,

i.e.,

x " x
A'p-q—=ﬂp*¢>p— 3
y y

y b
- = ~ Xyt ——w = A"
2 X1~ X2 . 2 ) P

The elevation of points calculated according to A'p

HA"p HA"p

"
B

= — Ap -
b P

S 15 DT
will contain aa error pProportional to the current coordinates, which error can be
interpolated linearly. In this case, knowing the difference 5h between the geodetic
and photogrammetric elevation reference marks of three points, the intermediate
points can be interpslated proportionally to the distance between the pointa and a
graph of 6h corrections for all the remaining points of the model can be constructed.
Subtracting these corrections from the photogrammetric elevations of the points of
;the model, the elevations for these points can easily be obtained in the geodetic
system of coordinates.

The solution of this problem is simplified by the fact that the ratio of the
transverse parallax to the ordinates also has a linear relation with the current cc-
ordinates of the model points; accordingly, knowing the vatio 4 ' v for three points
of the model, it js possible to obtain the corresponding ratio for all remaining
Points, again by linear interpolation.

The practical solution of this probiem is as follows: Let (Fig.191) three
points I, II, and III located within the limits of a stereo pair have geodetic ele-

vation marks; wanted are the elevetions for osints 1, 2, 3., .k of the model. For

370
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Calculstion of Elevation by the Undistorted Model Method
Pair No.
li«2100m b= 70 mm

Yy
-

1

0
+ 110.8
¢ 9.1

+ 119.9
+ 101.8

+102.2

-0.01045
-0.00974
-0.00853
-0.01219
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[

b, and c are selected, at which the ordinates and transverse

this three points, a,

parallaxes are measured. lhese points are so selected that they are located close to

the corners of the stsreo pair and coincide with well-marked contours, thus ensuring

accurate measurement of transverse parallax. The

photograph is placed on the carrier of a stereo-
comparator and oriented according to the initial

radial. After this, at points I, II, III, 1, 2,

[ il R

3,...k the horizontal parallax differences and

.
]

the abacissas are measured relative to the prin-

Fig.191 - Selection of Points . .
in the Undistorted cipal point of the left photograph. The data ob-

Model Method tained are recorded in Coluans 2, 3, 4, and 5 of

the record (page3?l); in Column 2, the x-scale reading of the stereocomparator is

entered and, in Columm 4, the reading from th: scale of the horizoatal parallax
screw. The readings on the x-scale and on the horizontal parallax screw, obtained

AV 950 W50 mso 1259
Y : G12:9

I
1930

1t

J‘T |
Al

: !m 1
~0 00853

Fig.192 . Graphic Interpolation of the Ratio q :

HIH
: ]

!
4 !

during the reduction to the principal point of the left pbotograph, are subtracted

from all remaining readings, and the differences are entered in Columms 3 and 5. At
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the points a, b, and ¢ of the model, the transverse parallaxes and ordinates are mea-
sured relative to the principal point of the left photograph and the results are en-
tered in Columns 6 and 8, while the differences in -eadings for all points and the

reading at the principal point are entered in Columns 7 and 9. Column 10 is to give

the ratio of the transverse parallax to the ordinate, plotted on the tracing (Fig.

points a,b, and ¢ are connected by straight
lines, and the radials ab and ac are in-
terpolated proportionslly to the differ-
ences of the ratio q:y for the terminal
points of these radials, noting on the
plotting paper the points at which the ra-
tio is equal to -0.00853, -0.00974, etc.
Connecting the points of the radials ab

and ac with points of the same ratio by

straight lines, yields an interpolation
Fig.193 - Graphic Determination of

Corrections for Photo- graph which permita finding the q: v ratio
gramwetric Flevations for all remaining points of the model.
These ratios are then entered in Columm 10.
In Column 11, the product of the resultant ratio and the abscissa ia entered, and
this is subtracted from the measured horizontal parallax difference Ap to give the
data (A''p) to be entered in Colummn 12. From the magnitude of A"'p the elevations
of the model points are calculated and entered in Column 13. For three points of
the model having geodetic elevations, these data are entered i1n Colusm 16 and, taking
one of these points as the datum, their geodetic elevation differ:nces are entered
in Columm 15. The difference between the geodetic and photogrammetric elevation

difference is entered in Column 14, and these data are used to construct a second

interpolation graph of the elevation errors (Fig.193), analogous to the first graph.
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From the interpolation, the difference hetween the geodetic and photogrammetric
elevation of all remaining points {(Column 14) are obtained, which 1re subtracted from
the data in Column 13 to Rive the elevations in the geodetic system of coordinates
(Column 15). By adding these elevation differences to the elevation of the datum
point, wil] give the elevation of all points of the model in the geodetic system of
coordinates.

The method deacribed for determining the elevations of points on the model ;s
modified in the case of prominent ground relief. This fact, however, does not limic
the usefulness of the undistorted mode! method. The arbitrary srrangement of points
with known geodetic elevations, simplicity of orcrations, and a high degree of ac-

curacy are the basic advantages of this method.

108. Schematic Diagram of a St.erlnuih

Duplicate Projectors include the stereoplanigraph which is used in the compila-
tiom of large-scale maps. This instrument differs from the above-described types of
duplicate projectors. Like all the duplscate Projectors, the stereoplanigraph
(Fig.194) is equipped with two Projection cameras whose elements of interior orien-
tation are identical to those of the ®mapping camera. Instead of projecting both
images onto a common screen with a lighe spot, the stereoplanigraph uses two screens

with two marks which must be geometrically superposable. Thus, the spatial trj-

WO cameras, the pro-
and the distance between the two marks. . the projection base in
the stereoplanigraph is the d, fference of the distance between the nodal points of
the camera and the distance between the marks,
The existence of two marks in ‘he stereoplanigraph makes the instrument useful
for setting up the various magnitudes of the Prujection base. For example, if the

distance between Projection centers Femains constant, while the distance between the

0030008-5
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marks is increased, this will correspond to a shortening of the projection base

which, for this reason, can be made equal to zero (if the distance between the marks

«equals the distance between the centers of projection), or can even assume a nega-

tive value. By analogy, if the right mark is raised, the right projection center

L JU U S PO |

Fig.194 - The Stereoplamigraph

will be below the left center in exactly the same way as at a forward displacement
of the right mark, the left cemter of projection is displaced backward. Thus, the
.'elements of exterior orieatation defimed by the projectioas B, B, and B, of the

"projection base om the axes of coordinates may be set on the .nstrument by moving

the marks instead of the projection cameras.
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The angular elements of exterior orientation of the cameras in a stereoplani-
graph are set in the Same way as the duplicate Projector by tilting and rotating each
camera about three axes. The two marks are matched with corresponding points of thke
image of the two photographs by simultaneous shifting of the marks along the XX axis
of the instrument, with the pProjection cameras remaining sStationary and by simultan-
eous shifting of both cameras along the YY and ZZ axes of the instrument, with the
two dots remaining fixed. For such aisplacements, the instrument is equipped with
solid coordinate axis spindles, on which the carriers with the marks and pProjecting
cameras sre moved.

In view of the fact that the images of the corresponding points on the two
photographs are Projected on two different marks, the Stereoplanigraph observation
is accomplished by the usual stereoscopic method as in stereoscopes. However, the
adjustable position of the marks and Projection cameras makes it necessary to resort
to a rather complex optical system.

Operatioa of the instrument is according to the earlier described method. Neg-
atives are placed in the cameras, illeminated by the light source, and projected
through the lens onto the plane of the marks. Daring stereoscopic viewing, the ob-
server will see a ground model ana a single floating mark. Since the initial post-
tion of the projectiom Cameras was rather arbitrary, the corresponding points will
;ot :i—ltllemly coincide with both marks, and the existence of transverse paral-
l2x indicates that the position of the two carriers is incorrect.

Elimination of transverse parallax at sjix points of the model makes it possible
to obtain correct relative orientation of the two photographs. By comparing tue
coordinates of three points on the model with their reodetic coordinates permits ex-
terior orientation of the model. After ®easuring the coordinates of various parts
of the model. a map of the photographed terrain can be prepared.

In coastructing the map. displecement of the carriers of the instrument aloag

1ts axes of coordinates causes displacement of the pencil of the coordiaatogreph to

-5
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trace a map of horizontal contour lines on the plotting board, which is placed on a
special table. For convenience, the scale of the plan to be drawn can be varied
within sufficiently wide limits, making it possible to construct this plan to the
specified scale. After processing the first stereo pair, the second photograph
may be left in the projection camera and the first photograph replaced by a third,
after which the previous p.ocessing is repeated. However, in this case, the projec-
tion base must have a negative value and the viewing system for viewing the stereo
mode]l with a direct stero effect should have the line of sight so set that the sec-
ond photograph is viewed with the same eye that had viewed the first, while the

third photograph is viewed with the eye that had viewed the second.

109. The Primciple of Spatial Phototriangulation

For exterior oriemtation of the constructed model, the geodetic coordinates of
three points must be known within the limits of each model; these give basic values
for mach of geodetic field operations. The shorteming of this base is possibie if
the photogramsetric method of spatial phototriangulation is used. This method is
designed for demsification of the basic elevation control network.

Let (Fig.195) S.5,5;S, be the centers of projection of four adjs.ent photo-
graphs having an end lap of 60%, from which the points 1,2,3 of the terraim are rep-
resented simmltancously on the first three photographs, and 4,5, and 6 are depicted
on the second, third, and fourth photographs. If the first two photographs are
placed in the projection cameras of the dwplicate projector and mutually oriented,
then the coordinates of points 1,2, and 3 of the first model will be obtained.rela-
tive to its svstem of coordinates, ithe position of the two centers of projection
(bl md 52\ are determimed in this system of coordinates. In this way, after rela-
tive orieatation of the second and third photographs, the positiom of points Sy, 1,
2, and 3 can be deterwined, but this time in the system of coordinates of the secoad
wodel. If the distance 5, -1 1n the sécond mod=]l 1s divided by the correspording
STAT]
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1

distance 52 - 1 measured on the first model, tke resultant ratio will indicate the
scale of the second model relative to the first, permitting a conversion of the coor-
dinates of all points of the second model into the scale of the first model.

Then, assigning values obtained from the first model to the coordinates of the

Fig.195 - Schewatic Diagram of a Spatial Phototriamgul ation Grid

points Sy of the second model and changing the coordinates of all remaining points
to the second model by the same Mmantity, a common origin of coordinates for both
models is obcained. The difference in elevation reference marks of points 1,2,3 of
the first and second model indicates their different angular orientation. Hence, by
rotating the second model relative to the three axes of the space coordinate, it 1s
possible to bring about equalitv of the coordinates of points 1,2.3 of the second
model with the first model. As a result of these operations, the second model will
have the seme spatial orientation and the same scale as the first. Subsequently,a
third model consisting of the third and fourth photographs and having the points

S3, 4.5, and 6 i1n common with the second mcdel mav be connected in the same manner.

e
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Continuing as before, it is possible to obtain a single spatial model of the entire
flight strip, consisting of a series of models having the same position in space. For
this reason, knowing the geodetic coordinates of three non-collinear point:z lying

along this strip, its exterior orientation can be carried out in accordance with the

method given in Section 106. In this case, the extent of the basic geodetic grid is
determined by the length of the flight scrip which makes up a single spatial photo-
triangulation net.

The development of spatial phototriangulation series is carried out by analyti-
cal or opticr mechanical methods. Of the analytical methods, the differential meth-
od of spatial phototriangulation developed by the Central Scientific Research In-
stitute of Geodesy, Aerial Photography, and Cartography is much used at present.

In this method, the elements of relative orientation of all adjacent photo-
graphs are determined by measuring the transverse parallax on the stereocomp.rator,
followed by analytical computations from eqs.(104) - (108). Usirg as the original
sngles of tilt of the first photograph those determined from relative orientation of
the first stereo pair, the relative longitudinal and lateral angles are added to
thew, obtaining thus the angles of tilt for all photos, relative to the initiai.

This calculation is done according to the equations:

where 2, and w; are the longitudinal and lateral angles of tilt of any photograph:
3

L and w, are the longitudinal and lateral angles of tilt of the originel fairsc

photograph. and 32, and ¢ are the relative longitudinal and lateral angles of tilt.

Likewise, the equation

AH = Bv (120)

.- ytelds the vertical interval of any center of projection relative to the preceding

STAT]
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one, where v is the inclination of the base line.

The ~lements of exterior orientation of all photographs relative to the original
are called arbitrary or conditional elements of exterior orientation since they de-
termine the position of all photographs relative to a single ple~e, accepted condi-
tionally as horizontal.

Presence of the conditional elements of exterior orienta-

tion permits determining the position of conditional nadir puints according to

Ax = f, tan a_

(121)
Oy = f) tan w; J

where Ox and Ay are the distance of the conditional nadir point (foot of the perpen-
dicular dropped from the center of projection to a plane conditionally accepted as
horizontal) from the principal point of the photograph. If the conditional nadir
point is taken as the apex of radials in the plane of the photogreph, these radials
will contain no errors caused by ground relief. For this reason, in carrying out
the densification of a horizontal phototriangulation control grid in mountainous re-
gions, the radial center is always taken as the same arbitrary or conditional nadir
point for which, in such regiond, the clements of relative orientation of the photo-
graphs must be taken prior to such densification.

After determining, in this way, the elements of exterior orientation of all
photographs with respect to a single common datum plane, and measuring the horizon-
tal parallaxes of points located in the zone of triple overlap, the corrections for

them may be calculated by the following formula:

x 2
2 (122)
fi"

to obtain the horizontal parallaxes corrected with respect to the same datum plane.
By calculating the elevation differences from the correc~ed horizontal parallaxes,

the photogrammetric elevation readings are found for all points with respect to the
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datum plane; comparing three of these photogrammetric readings with the geodetic da-
ta and using graphic exterior orientation, it is possible to convert to the geodetic
elevation readings.

When the statoscope 1s reag during a flight, this procedure is somewhat modi-
fied, owing to the fact that the statoscope makes it possible to find the difference
AH of the flight altitudes. Therefore, the angle of tilt v of the base line is found
from the relation

AH;p
Vo= - (123)

which permits us to find the longitudinal angle of tilt of the photograph fiom

o=y, o, (124)

The lateral angle of tilt of the photograph is determined in the same way as in
the previous case.

This solution of the problem permits the longitudinal angles of tilt of the
photograybs to be found independently of one another, in contrast to the method used
when no statoscope readings are available. The independent determination of these
angles assures a considcrably slower accumulation of errors in the spatial phototri-
angulation grid when the number of mcdels constituting the model of the flight strip
is large.

If the altitude readings of the principal points of all photogreaphs are known
in advance, the degree of graphical exterior orientation is carried out separately
for each component of the model. In this case there will be no accumulation of er-

rors at all in the spatial phototriangulation @rid alone the flight strip.

110. The Multipiex

For constructin, a special phototriamngulation grid by an optico-mechanical

wethod, a special i1nstrument known as the multiplex has been designed. It consists

381
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of a series of projecting cameras operating on the same princ.iple as the duplicate
projector. The multiplex (Fig.196) consists of the base 1, carrying two vertical
standards 2. Turning the hand wheel 3 will rotate the carrier bar 4, which repre-
sents the XX axis of the instrument, abou: the uprights 2. On the carrier bar 4 six

to eight supporting columns 5, bearing the projecting cameras 6, are mounted. Each

support 5 consists of two cross-tracks, perpendicular to the bar 4; spindles about

Fig.196 - The Multiplex
which the projecting cameras can be rotated are attached to the movable portion of
the support. The cross-tracks of the support represent the YY and ZZ axes of the
instrument; motion along these tracks, together with a displacement of the support
along the carrier bar 4, allows each center of projection to be properly positioned
with respect tc the selected system of space coordinates. Angular orientation of
the projecting cameras is obtained by rotating them about spindles through the an-
gles a, and o as well as about the principal ray through the angle x. The projec-
tion camera 6 contains a projecting iens, a piate holder carryiag the photograpt and

a light source consisting of an electric bulb and a condenser directing a beam of

32
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light rays into the projecting lens.

To reduce the size of the instrument and the scale of the model constructed from

the original negatives, reduced diapositive plates are prepared from original nega-

tives and a number of copies made. To preserve the respective position of the pro-
jecting rays, the preparation of the reduced copies must be accompanied by a propor-
tional reduction of the focal length of the projecting camera. The focal lengths of

the projecting cameras of a multiplex projector are, therefore, several times
shorter than the focal length of the mapping camera.

The image of the reduced copies, placed in the projecting cameras, is projected

onto a single common acreen. To increase the accuracy
of observation, anaglyphic optical filters are used.
For this purpose, a slot is provided in the illuminator
of each projecting camers, into which the proper color
filter is inserted, and the image is viewed through
spectacles whose lenses serve as optical filters, The

wodel so constructed is measured with the aid of the

atand 8, equipped with a light spot described in Sect.

100.

Fig.197 - Schematic Dia- . .
The reduced copies are prepared from the negatives

gram of a Re-

ducing Printer on a specisl reducing printer whose diagram is given in

Fig.159. The image of the negative 1, illuminated by

the light source 2, 1s projected through the lens 3 onto the plane 4, on which a

diapositive plate is plac=d. The distances from the negative to the lens and from

the lens to the image, are adjusted according to the focal lengths of the projecting

and mapping cameras. Thus, e.g., at a focal length of 25 sm for the projecting

cemers snd 100 sm for the mapping camera, the scale ratio would egual 4, in eccord-

ance with which the proper distances are set on the reducer, i.e., the distamnce from

the negative to the lens must be four times the distance from the lens to the dia-
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positive plate. Obvioisly, at such a reduction, the focal length of the reducer lens

must be computed according to the equation for optical conjugation:

1 -
dy
where d; is the distance from the negative to the lens, dj the distance from the
lens to the diapositive plate, and f,, the focal length of the lens of the reducing
printer.

In the example given, dy ~ 4dy and, therefore,

1
4d

1

1
+ —
2 dZ ob

When the reduced copies are finished, they are placed in the projecting cam-
eras of the multiplex, with their principal points matched with the corresponding
fiducial marks on the plate holder or with a special centering lens, and the image
is projected on the screen of the stand, located on the screen of the multiplex it-
self. Viewing the projected images, the observer eliminates the transvers paral-
laxes to obtain relative orientation of the photographs (Sect.105) while the inter-
section of the corresponding projecting rays forms a model of the terrain. Select-
ing three points of this model, located in the .one of triple end lap, the observer
matches the light spots of the three stands with these points.

Passing to the second pair, the light is turned off in the first projecting
camera, and turned on in the third. The second and third photographs are then mu-
tually oriented. However, since during the mutual orientation of the first two pho-
tographs, the second occupied the correct position with respect to the first, the
position of the second photograph cannot now be changed when it is mutuslly oriented

with the third. Therefore, the mutual orientation of the second and tkird photo-

3¢
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graphs is effected by moving only the third.
In this case, the transverse parallax at six selected points is eliminated in
sequence. The transverse parallax at the second point is eliminated by shifting the
third projector along the Y axis (by a quantity b, ): at the first point, by rotating
it through the angle Ax; at the third point, by a longitudinal tilt Aa,; at the
fifth point, by a longitudinal tilt €; and at the fourth print, by shifting along ;

the Z axis (by a quantity b ). This system of eliminating parallax is based on the

expression relating transverse parallax to the clements of relative orientation:

tkz’ y?
a=-L e -Xop - (125)
foe fy P L

This equation is derived from eq.(100) if we consider

b
' . —_— . ' . ' . -
< = x-b;Ba_=T-T' =1 = b; Px-b,.Ax-xx

As a result of the relative orientation, the second pair is given the same spa-
tial orientation as the first, in view of the fact that the direction from the sec-
ond center of projection still remains unchanged. To make the scale of the second
model equal to that of the first, the three points of the first model, marked by the
stands, sust be made to coincide with the corresponding points of the second model.
This is done by moving the third projector in the direction of the base line until
the three points of the model so selected coincide with the light spots of the
stands. All subsequent photographs are oriented in the same way, as a result of
which the model is given a single scale and a single spatial position.

The exterior orientation of the constructed model of the flight str;p 1s accom-
plished with the aid of three stands arranged according to the geodetic coordinates
of the con:rol points, by the simultanecus tilting of all the projecting cameras
about twc mutually perpendicular axes (see Sect.106). This tilting is accomplished

in the longitudinal direction by tipping the carrier bar and i1n the lateral direc-
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tion, by rotating it. Thus, when work on the multiplex is confined merely tc the

densification of a geodetic cuntrol net, such eaterior orientation ¢f the model is
not performed. In this case, after the photographs have been mutually oriented and
reduced to the scale of the preceding model, the coordinates of all points of densi-
fication are measured on the surface of the model by the method described in Sec-

tion 100. The coordinates so obtained for points selected on each separate model
will be referred to one system of coordinates and represented on a single scale. The

scale of the model of the flight strip may then be found and the coordinates of the

selected points may be determined in the geodetic system of coordinates.

111. Preparation of a Graphic Plan on the Multiplex

Besides the photogrammetric densification of an existing geodetic control net
by the method of spatial phototriangulation, the multiplex is also used for the com-
pilation of the plan itself. In this case, after successive orientation of all
photographs with respect to the datum, and reduction of the individual models to a
common scale, the exterior orientation of the mode:r of the flight strip is performed
by the optical-mechanical method. In this way, all the photographs will be brought
into correspondence with the elements of exterior orientation with respect to the

plane of the screem. Yince, under the conditions of operation, it is advisable to

place the plane of the screen 250 - 300 mm from the projecting lenses, this distance
also determines the approximate scale of the model. For instance, in processing
photographs with a focal length of 70 mm, the scale of the model will be spproxim-

ately four times the scale of the photograph, and with a focal distance of 100 mm

it will be from 2.5 to 3 times that scale.
To compile the graphic plan, s drawing board sust be placed on the multiplex
screen, onto which a stand with a ssall screen is wmounted. When th: first two pro-

jecting cameras, with the anaglyphic optical fiiters, are illuminated the observer,

viewing the images thrown on the small screen through anaglyphic spectacles, per-
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ceives a spatial model of the photographed terrain. This model will be intersected

by the plane of the small screen at points having the same elevation readings. By

shifting the small screen vertically and the stand along the plane of the board, the
light spot may be directly matched with various points of the rhotographed contour;
the pencil of the stand will then trace its motion on the board. In exactly the
same way, knowing the scale of the constructed model, we may pass from readings on
the scale of the stand to elevatiors on the terrain and, consequently, after estab-
lishing definite readings on the scale corresponding to the selected sections, we
may also draw the horizontals cn the board.

After processing the first stereo pair, the light in the firat projection cam-
era is turned off and the third is turned on. Here, while leaving the previous
light filter in the second projection camera, the position of the lenses in the
spectacles wmust be changed, or the inverse stereo effect will be obtained. As a re-
sult of such processing a horizontal plan will be obtained for all photographed
areas on the given pictures. It is usually reduced to the assigned scale of the
plan to be prepared by photographic reproduction or by using a pantograpn that can

be attached to the multiplex.

112. Photopolygonometry

The densification of an existing elevation control network by a photograsme-
tric method can be done not only on a multiplex but also, if necessary, by photo-
polygonometry. At present, this method is widely used for the preparation of topo-
graphic maps at ali scales.

The method of photopolygonometry comprises two stages: determination of plan
coordinates of radial centers and determimation of the plan position of transforma-
tion points. The first step is performed anaiytically from wmeasured bases and an-

gles between the initial radials, and the second stage is then performed by graphic

constructions,
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As the radial centers for each aerial photograph, the position of the arbitrary

nadir points are tasken. These are obtained from eq.(121), after determining the

elements of relative orientation and calculating the arbitrary angles of tilt. The
position of the arbitrary nadir points is plotted on the photograph with a square-

grid tracing sheet of the type shown in Fig.198; each division of the tracing sheet

Fig.192 - Grid Sheet for Construc- Fig.199 - Determination of Coordin-

tion of the Arbitrary ates of the Radial Centers

Nadir Points
corresponds to the arbitrary nadir point for a definite value of the angle of tilt.
Therefore, by placing the negative on the tracing sheet and orienting it so that the
initial radial coincides with the horizontal lines, and the principal point coin-
cides with the intersection of the base lines of the tracing sheet, the position of
the arbitrary nadir point can be pricked on the negative.

The ground coordinates of the radial centers are determined analyticslly by the

equations’

X=X, v AX,

Ly 1

Y, = Y, .y ¢ AY,

The values of AX and AY may be obtained from Fig.199. Let the origin of coor-
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dinates of the traverse -oincide wit the first radial center, and let the direction
of the X\ axis be the first initial radial. Then, the ground coordinates of all ra-

dial centers will take the following values

X, = AX, = By;
X3 = X3 * AX; = B; * B, cos Ya: Y3 = Yy + AY,; = B, sin Ya;:
X, = Xy * AX:‘ = B, * B, cos Yy * By cos (Yz v
Y‘ - Y3 4 AYJ - Bz sin vy * B3 sin (Yz *Y3)s
X -X_-I‘AX__I-BI‘Bz cos yz'...'B._lcos(yz‘r3‘---"{.-1)

Yy = Yo 1 *8Y, = By, sin v+ ... By y s=inlyg vy e YY)
whence

Axi=Bi cos (Yl'Yz’...‘Yi)
(127)
AYi-Bi sin (Yl*yz*...‘v.)

i
Consequently, for calculating the increments of coordinates, we must know the
values of the bases B and the angles y between the initial radials must be known.
The values of the bases are determined on the basis of Fig.200 which shows strictly
horizontal photographs for the case that all centers of projection are located in a
single borizontal plane. Since the photographs have a 60% end lap, it follows that

the contours coinciding with the nadir points of all photographs will be mapped si-

wultanecusly on the thres< photographs. Tuen, if z,. Z,, Z5, and Z, are the height

of the camera station, p{ the distance on the photograph from the nadir point to the
1mage of the nadir point on the foilowing photogranh, while p, denotes the distance
on the photograph from its nadir point to the image of the nadir point of the pre-

ceding photogreph, we obtain:
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In this way, if the height of the camera station Z is known, then, to determine
the bases, the distances between
the nadir points on the photographs
must be known, provided that they
strictly correspond tc a horizontal
position of the photographs and
that all the centers of projection
lie in a horizontal plane.

Accordingly, we must first
pass from the distance p',measured
between the nadir points of the

Fig.200 - Determinztion of the Photo- tilied photograph, to the distance
graphic Bases p- Since all centers of projection
lie in a plane insignificantly tilted with respect to the horizontal, the segment p
can be determined from a atraight line parallel to the line 3;5;. Then (Fig.201),
the tilt of the optical axis of the camera with respect to the perpendicular to the
line $;55 will be 7, if a section of the photographs and the ground is condidered a
principsl base plane containing the radials S155 and 5;0,.
Transition from the distance p' to the distance p in this rase will be effected
by eq.(10) 1n which 1t way be assumed that ¢ = 90°. Then,
v2

p=p in < (129)
‘l

In expression (129), p’ is measured on the photograph, f, 1s known, and the

100
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angle T 1s obtained by deiermining the elements of relative orientation, as indicated

in Section 103,

113. Construction of a Photopolygonometric Traverse

Before constructing the photopolygonometric traverse, first the elements of rel-

ative orientation must be defined (Sect.103) to obtain the angles T and to calculate
the position of the arbitrary nadir
points (see Sect.109). In addition,the
position of the center of rotation of
the stereocomparator rlate holder must
be determined with high accuracy, since
the angles between the initial radials
are measured instead of being construct-
ed graphically.

Then, thephotographs are success-
ively placed on the carriers of the
stereocomparator (or the precision ster-
eometer with the correction devices ir

Determination of the Correc- .4 position) and are centered at the
tion for Horizontal Parallax
arbitrary nadir points. The photogrephs

are oriented along the initial radials by a method analogous to that described in

Section 82. After the photographs have been oriented, the value of x is read on

the scale which fixes the rotation of the carrier in its plane.

The floating mark of the stereocomparator is then brought into contact with the
arbitrary nadir point of the right photograph and readings taken on the x scale of
the instrument and on the scale of the horizontal parallax screw. The sme super-
position of the floating mark with the arbitrary nadir point of the left photogrsph

then allows us to take new readings on the x scale and the scale of the horizontal
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parallax screw. Then, the

(130)

where x5 is the reading on the x scalc when the floating mark is matched with the
right arbitrary nadir point; x; is the same reading for the left arbitrary nadir
point; and Ap is the change in reading on the horizontal parallax screw.

After the measurements have been made on the first stereo pair, the left, or
first, photograph is removed from the stereocomparator carrier und the third photo-
graph substituted for it. The second and third photographs are then turned through
180* and oriented in the initial direction. The reading of x' on the scale, fixing
the rotation of the plate holder in its plane, permits calculating the angle between

the initial radials from the equation
Y= x'" - x - 180° (131)

In the same way, the following angles between the initial radials are deter-
mined, together with the measured values of the bases.

If the plate holder on the ster mparator c t be turned through 360°, then

‘the angles between the initial radials ere measured with the aid of auxiliary
.points. In this case (Fig.202), any two points (not necessarily contour points)are
pricked in a direction roughly perpendiculer to the directian of the base line.
Then, after orientation of the first pair along the initial radial and after meas-
urement of the base, a reading is taken on the scale of the plate holder, which is
then so turned that, when the binocular microscope is displaced along the yy axis,
the mork will pass ~hrough the two pricked points. A new reading on the scale of
the plate holder then gives the angle v, between the perpendicular to the initial
radial and the auxiliary line aa.

For processing the second pair, both photographs are removed from the sterco-
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comparator plate nolders, the second rhotograph is substituted for the first photo-
graph, and the third for the second.
The new orientation along the initial radjal and the location of the plate

holder in its plane, until (on shifting the binocular microscope) the mark passes
through the same pricked points aa, makes it pos-
sible to measure the angle Yo. This angle Yo 13
measured between the Perpendicular to the new ini-
tial radial and the auxiliary line. In that case,
the desired angle ¢ between the initial radials is

given by the following equation:

x Y= Y2 - v, (132)

Fig.202 . Measurement of the The coordinates of the vertexes of the photo-
Angle between In;-

pol ygonometric traverse are calculated from a
tial Radials

record whose standard form is presented in the
Table given below.

In this record, the first entry 1s the denominator m of the scale ratio of the
photopol ygonometric traverse, followed by the focal length f, of the mapping camera
and the same focal length f‘, corrected for the systematic deformation of the film,
In Column 2 are entered the measured horizontal parallaxes, in Column 4 the correc-
tions for the influence of the angle 1, and in Column 5 the corrected value of the
horizonta}l parallax. Column 6 will show the previously known flight altitude and

Column 9, the measured angle between the initial radials. These data permit calcu-

lation of the length of the bases (Column 8). the azimuth of the bases (Column 10).
the increments of the coordinates and the x and y coordinstes.

Then, a coordinatograph is used for plotting, frrw their calcuvlated ~oordin-
ates, the position of all directional vertexes on the plotting board, which is ce-

wented to a rigad base (aluminua or plywood) .
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114. Determination of the Position of Transformation Points

The plane position of the transformation points is found graohically as a result
of the intersection of at least two radials produced from the vertexes of the photo-
polygonometric traverse. For this purpose, the same points are p.icked on each

photograph that were used in constructing the plan phototriangulation network; these

Record for Calculating the Coordinates of Points of a Photo-

polygonometric Traverse

m = 25,000; f = 68.62 mm; f, = f c = 68.58 mm

are then copied on tracing paper on which the radials from the arbitrary nadir point
are plotted. These wax tracings are placed on the plotting board on which the co-
ordinates of the photopolygonometric traverse had been plotted, in such a way that
the radial center of the tracing paper coincides with the given point on the strip,
while the initial radials pass through the neightoring poin.s of the traverse. The
independent orientation of each tracing permits a check as to the accuracy of deter-
mining the coordinates of the traverse vertexes, since there should be no closure
errors at the tie points. The intersection of the radia. lines at the transforma-
tion points makes it possible to mark tkeir position on the board.
Since the transformation points so selected are common to adjacent flight

strips, the individual flight strips may be tied-in with the aid of these points, in
which case such a connection does not require preliminary reduction, in view of the

fact that all the flight strips are constructed at a singie specified scale. The

3%4
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main advantage of photopolygorometry over other methods of
tion of the basic horizontal control net is that each base
mined from the previously known flight altitude. For this

errors in the traverses of a photopolygonometric survey is

photogrammetric densifica-
is independently deter-
reason, the cumulation of

relatively low, allowing

considerable reduction in the amount of geodetic field work.
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